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Description

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to Korean Appli-
cation No. 10-2014-0158683, filed in Korea on 14 No-
vember, 2014, and No. 10-2014-0158686, filed in Korea
on 14 November, 2014.

TECHNICAL FIELD

[0002] Embodiments relate to a lens moving appara-
tus.

BACKGROUND

[0003] It is difficult to adopt voice coil motor (VCM)

technology, which is typically used in conventional cam-
era modules, for use in an ultracompact camera module,
which aims at achieving low power consumption, and
thus research into the technology has been actively un-
dertaken.

[0004] A camera module mounted in a small-sized
electronic product, such as a smart phone, may be fre-
quently subjected to shocks during use. In addition, the
camera module may minutely shake due to the trembling
of the user’s hand while taking a photograph. Therefore,
there is a high necessity for a technology capable of in-
corporating an optical image stabilizer into the camera
module.

[0005] Various handshake correction technologies
have been recently researched. In such handshake cor-
rection, there is the need to reduce the driving force re-
quired for handshake correction and to increase the du-
rability of the lens moving apparatus and the camera
module.

[0006] Among such handshake correction technolo-
gies, there is a technology of correcting handshake by
moving an optical module in the x-axis and y-axis direc-
tions, which define a plane perpendicular to the optical
axis. The technology is required to accurately and rapidly
move the optical system in the plane perpendicular to
the optical axis for image correction.

[0007] A lens moving apparatus showing features of
the preamble of claim 1 is known from US
2014/327965A1.

SUMMARY

[0008] The invention is defined in claim 1. Embodi-
ments provide a lens moving apparatus, which is able to
reduce driving force for handshake correction and to in-
crease durability, and a camera module including the
same.

[0009] Furthermore, embodiments provide alens mov-
ing apparatus, which has a simplified structure and en-
ables accurate and rapid handshake correction, and a
camera module including the same.
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[0010] In one embodiment, a lens moving apparatus
includes a bobbin including a first coil, a first magnet dis-
posed to face the first coil, a housing for supporting the
first magnet, upper and lower elastic members each cou-
pled to both the bobbin and the housing, a base disposed
to be spaced apart from the housing, a second coil dis-
posed to face the first magnet, a printed circuit board on
which the second coil is mounted, a plurality of support
members, which support the housing such that the hous-
ingis movable in second and/or third directions and which
connect at least one of the upper and lower elastic mem-
bers to the printed circuit board, and a conductive mem-
ber for conductively connecting the upper and lower elas-
tic members.

[0011] In another embodiment, a lens moving appara-
tus includes a housing, a bobbin disposed in the housing
so as to move in a first direction, upper and lower elastic
members each coupled to both the housing and the bob-
bin, a printed circuit board conductively connected to at
least one of the upper and lower elastic members, and
at least one support member, which supports the housing
such that the housing is movable with respect to the base
in second and/or third directions and which conductively
connects at least one of the upper and lower elastic mem-
bers to the printed circuit board, the at least one support
member being integrated with two conductive wires.
[0012] In a further embodiment, a lens moving appa-
ratus includes a housing, a bobbin disposed in the hous-
ing so as to move in a first direction, upper and lower
elastic members each coupled to both the housing and
the bobbin, a printed circuit board conductively connect-
ed to at least

one of the upper and lower elastic members, and at least
one support member, which supports the housing such
that the housing is movable in second and/or third direc-
tions and which conductively connects at least one of the
upper and lower elastic members to the printed circuit
board, the at least one support member being integrated
with at least two conductive wires, wherein the at least
one support member includes an electrical insulating
coating member, which sheathes the two conductive
wires and which includes a projecting insulator protruding
from an end thereof, the projecting insulator being posi-
tioned between the two conductive wires such that adja-
cent upper elastic members are spaced apart from each
other and are thus conductively isolated from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Arrangements and embodiments may be de-
scribed in detail with reference to the following drawings,
in which like reference numerals refer to like elements
and wherein:

FIG. 1 is a schematic perspective view showing a
lens moving apparatus according to a first embodi-
ment;

FIG. 2 is an exploded perspective view showing the
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lens moving apparatus according to the embodi-
ment;

FIG. 3 is a perspective view showing a housing ac-
cording to the embodiment, from which a cover mem-
ber is removed;

FIG. 4 is an exploded perspective view of the lens
moving apparatus according to the embodiment,
which shows the bobbin, the first coil, the magnet,
the first sensor and the sensor substrate;

FIG. 5A is a plan view showing the bobbin and the
magnet shown in FIG. 4;

FIG. 5B is a perspective view showing another em-
bodiment of the sensor substrate shown in FIG. 4;
FIG. 5C is arear perspective view showing one em-
bodiment of the first sensor and the sensor substrate
shown in FIG. 4;

FIG. 6 is a top perspective view of the housing ac-
cording to the embodiment;

FIG. 7 is a bottom exploded perspective view of the
housing and the magnet according to the embodi-
ment;

FIG. 8 is a cross-sectional view taken along line I-I
of FIG. 3;

FIG. 9 is a graph illustrating the accuracy of the first
sensor as a function of the position of the first sensor;
FIG. 10 is a top perspective view of the bobbin, the
housing, the upper elastic member, the first sensor,
the sensor substrate and a plurality of support mem-
bers, all of which are coupled to one another;

FIG. 11 is a bottom perspective view of the bobbin,
the housing, the lower elastic member and the plu-
rality of support members, all of which are coupled
to one another;

FIG. 12is a perspective of the upper elastic member,
the lower elastic member, the support members,
conductive members and the printed circuit board
according to the embodiment, all of which are as-
sembled to one another;

FIG. 13 is a front view showing the upper elastic
member, the lower elastic member, the support
members, the conductive member, the printed circuit
board, the bobbin and the first coil according to the
embodiment, all of which are assembled to one an-
other;

FIG. 14 is an exploded perspective view of the base,
the second coil and the printed circuit board;

FIG. 15 is a perspective view showing a lens moving
apparatus according to a second embodiment of the
present invention;

FIG. 16 is an exploded perspective view showing the
lens moving apparatus according to the second em-
bodiment;

FIG. 17 is a perspective view showing some of the
components of the lens moving apparatus according
to the second embodiment;

FIG. 18 is a perspective view of FIG. 17, from which
the bobbin and the first coil are removed;

FIG. 19A is a perspective view of the area A of FIGs.
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17 and 18;

FIG. 19B is a view showing the support member ac-
cording to an embodiment of the present invention;
FIG. 19C is a view showing the support member ac-
cording to another embodiment of the presentinven-
tion;

FIG. 20A is a perspective view showing the area B
of FIG. 18;

FIG. 20B is a view showing the support member ac-
cording to another embodiment;

FIG. 21 is a plan view of FIG. 18;

FIGs. 22A and 22B are plan views showing the area
A of FIG. 21; and

FIG. 23 is a plan view showing the area B of FIG. 21.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0014] Hereinafter, embodiments will be described
with reference to the attached drawings. In the drawings,
the same or similar elements are denoted by the same
reference numerals even though they are depicted in dif-
ferent drawings. In the following description, a detailed
description of known functions and configurations incor-
porated herein will be omitted when it may make the sub-
ject matter of the disclosure rather unclear. Those skilled
in the art will appreciate that some features in the draw-
ings are exaggerated, reduced, or simplified for ease in
description, and drawings and elements thereof are not
always shown in proportion.

[0015] Forreference, intherespective drawings, arec-
tangular coordinate system (x, y, z) may be used. In the
drawings, the x-axis and the y-axis mean a plane per-
pendicular to an optical axis and, for convenience, an
optical axis (z-axis) direction may be referred to as a first
direction, an x-axis direction may be referred to as a sec-
ond direction, and a y-axis direction may be referred to
as a third direction.

[0016] A handshake correction apparatus, which is ap-
plied to compact camera modules of mobile devices such
as smart phones or tablet PCs, refers to an apparatus
configured to prevent the contour of an image captured
when taking a still image from not being clearly formed
due to vibrations caused by the trembling of the user’s
hand.

[0017] In addition, an autofocusing apparatus is con-
figured to automatically focus the subject image on the
surface of an image sensor. The handshake correction
apparatus and the autofocusing apparatus may be con-
figured in various manners. The lens moving apparatus
according to the embodiments may perform the hand-
shake correction and/or autofocusing operations in such
a manner as to move an optical module, composed of a
plurality of lenses, in a first direction perpendicular to the
optical axis or in a plane defined by the second and third
directions, which are perpendicular to the first direction.
[0018] The second or third direction may include not
only the x-axis direction or the y-axis direction but also a
direction which is substantially close to the x-axis direc-
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tion or the y-axis direction. In other words, in terms of
driving in the embodiments, although a housing 140 may
move in a direction parallel to the x-axis or the y-axis, the
housing may move in a direction which is slightly inclined
with respect to the x-axis or the y-axis in the state of being
supported by a support member 220.

First Embodiment

[0019] FIG. 1is aschematic perspective view showing
alens moving apparatus according to a firstembodiment.
FIG. 2is an exploded perspective view of the lens moving
apparatus shown in FIG. 1.

[0020] Referring to FIGs. 1 and 2, the lens moving ap-
paratus according to the embodiment may include a first
lens moving unit, a second lens moving unit, and a cover
member 300.

[0021] The first lens moving unit may serve as the
above-mentioned autofocusing apparatus. In other
words, the first lens moving unit may serve to move a
bobbin 110 in the first direction by virtue of the interaction
between a magnet 130 and a first coil 120.

[0022] The second lens moving unit may serve as the
handshake correction apparatus. In other words, the sec-
ond lens moving unit may serve to move all or a portion
of the first lens moving unit in the second and/or third
directions by virtue of the interaction between the magnet
130 and the second coil 230.

[0023] The cover member 300 may be configured to
have an approximate box shape so as to accommodate
the first and second lens moving units therein.

[0024] FIG. 3 is a perspective view showing the lens
moving apparatus according to the embodiment, from
which the cover member 300 shown in FIG. 1 is removed.
[0025] The firstlens moving unit may include the bob-
bin 110, the first coil 120, the magnet 130, a housing 140,
an upper elastic member 150, a lower elastic member
160, a first sensor 170 and a sensor substrate 180.
[0026] FIG. 4 is an exploded perspective view of the
lens moving apparatus according to the embodiment,
which shows the bobbin 110, the first coil 120, the magnet
130 (130-1, 130-2, 130-3 and 130-4), the first sensor 170
and the sensor substrate 180.

[0027] FIG. 5A is a plan view showing the bobbin 110
and the magnet 130 (130-1, 130-2, 130-3 and 130-4)
shown in FIG. 4. FIG. 5B is a perspective view showing
another embodiment of the sensor substrate 180 shown
in FIG. 4. FIG. 5C is arear perspective view showing one
embodiment of the first sensor 170 and the sensor sub-
strate 180 shown in FIG. 4.

[0028] Referringtothe above-mentioned drawings, the
bobbin 110 may be disposed in the internal space defined
in the housing 140 so as to reciprocate in the first direc-
tion, which is the optical axis direction, or in a direction
parallel to the first direction. As shown in FIG. 4, the bob-
bin 110 may be provided therearound with the first coil
120 such that the first coil 120 and the magnet 130 inter-
act with each other in an electromagnetic manner. To
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this end, the magnet 130 may be disposed around the
bobbin 110 so as to face the first coil 120.

[0029] When the bobbin 110 performs the upward
and/or downward movements in the first direction, which
is the optical axis direction, or in a direction parallel to
the first direction to fulfill the autofocusing function, the
bobbin 110 may be elastically supported by means of the
upper and lower elastic members 150 and 160. To this
end, the upper and lower elastic members 150 and 160
may be coupled to the bobbin 110 and the housing 140,
as will be described later.

[0030] Although not shown in the drawings, the lens
moving apparatus may include a lens barrel (not shown),
which is provided on the inner side surface (i.e. the inner
surface) of the bobbin 110 and on which at least one lens
is mounted. The lens barrel may be mounted on the inner
surface of the bobbin 110 in various ways. For example,
the lens barrel may be directly secured to the interior of
the bobbin 110, or a single lens may be integrally formed
with the bobbin 110 without using the lens barrel. The
lens mounted on the lens barrel may include a single
lens, or may include two or more lenses, which constitute
an optical system.

[0031] According to another embodiment, although not
shown in the drawings, the bobbin 110 may be provided
on the inner circumferential surface thereof with a female
threaded portion and on the outer circumferential surface
thereof with a male threaded portion corresponding to
the female threaded portion such that the lens barrel is
coupled to the bobbin 110 by virtue of threaded engage-
ment between the female and male threaded portions.
However, the embodiments are not limited thereto.
[0032] The bobbin 110 may include first and second
protrusions 111 and 112.

[0033] Thefirstprotrusion 111 mayinclude a guide por-
tion 111a and a first stopper 111b. The guide portion
111a may serve to guide the installation of the upper
elastic member 150 at a predetermined position. For ex-
ample, the guide portion 111a may guide the passage of
a first frame connector 153 of the upper elastic member
150, as shown in FIG. 3. To this end, according to the
embodiment, a plurality of guide portions 111a may pro-
trude in the second and third directions, which are per-
pendicular to the first direction. The guide portions 111a
may be provided in a plane defined by the x axis and the
y axis so as to be symmetrical about the center point of
the bobbin 110, as shown in the drawings, or may be
provided so as to be asymmetrical about the center point
of the bobbin 110 without interference with other compo-
nents, unlike the embodiment shown in the drawings.
[0034] The second protrusion 112 may include a plu-
rality of second protrusions, which protrude in the second
and third directions, which are perpendicular to the first
direction. Afirstinner frame 151 of the upper elastic mem-
ber 150, which will be described later, may be mounted
on the upper surfaces 112a of the second protrusions
112.

[0035] FIG. 6 is a top perspective view of the housing
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140 according to the embodiment. FIG. 7 is a bottom
exploded perspective view of the housing 140 and the
magnet 130 according to the embodiment.

[0036] Referring to FIG. 6, the housing 140 may in-
clude first mounting recesses 146, which are formed at
positions corresponding to those of the first and second
protrusions 111 and 112.

[0037] When the bobbin 110 moves in the first direc-
tion, which is the optical axis direction, or in a direction
parallel to the first direction for the autofocusing function,
the first stoppers 111b of the first protrusions 111 and
the second protrusions 112 serve to prevent the bottom
surface of the body of the bobbin 110 from directly col-
liding with the upper surfaces of a base 210 and a printed
circuit board 250 even when the bobbin 110 moves be-
yond a predetermined range due to external impacts or
the like. To this end, the first stoppers 111b may protrude
from the outer circumferential surface of the bobbin 110
inaradial direction, thatis, in the second or third direction,
so as to be longer than the guide portions 111a, and the
second protrusions 112 may also protrude in the lateral
direction so as to be larger than the upper surfaces there-
of on which the upper elastic member 150 is mounted.
[0038] Referring to FIG. 6, when the state in which the
bottom surfaces of the first and second protrusions 111
and 112 are in contact with the bottom surfaces of the
first mounting recesses 146 is set be the initial position,
the autofocusing function may be controlled as in the
unidirectional control of a conventional voice coil motor
(VCM). Specifically, the autofocusing function may be
fulfilled in such a manner that the bobbin 110 is raised
when currentis supplied to the firstcoil 120 and is lowered
when the supply of current is interrupted.

[0039] However, when the state in which the bottom
surfaces of the first and second protrusions 111 and 112
are spaced apart from the bottom surfaces of the first
mounting recesses 146 by a predetermined distance is
set to be the initial position, the autofocusing function
may be controlled in accordance with the direction of cur-
rent, as in the bidirectional control of a conventional voice
coil motor. Specifically, the autofocusing function may be
fulfilled by moving the bobbin 110 upward or downward.
Forexample, the bobbin 110 may be moved upward upon
the application of forward current and may be moved
downward upon the application of reverse current.
[0040] The housing 140 may include third protrusions
148, which are provided at positions corresponding to
spaces each having a first width W1, which are defined
between the first and second protrusions 111 and 112.
The surfaces of the third protrusions 148 that face the
bobbin 110 may have the same shape as the side surface
ofthe bobbin 110. Atthis point, the first width W1 between
the first and second protrusions 111 and 112, shown in
FIG. 4, and the second width W2 between the third pro-
trusions 148, shown in FIG. 6 may be set to have a pre-
determined tolerance therebetween. Accordingly, the
displacement of the third protrusions 148 between the
firstand second protrusions 111 and 112 may be restrict-
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ed. As a result, even if the bobbin 110 is subjected to a
force tending to rotate the bobbin 110 about the optical
axis rather than a force tending to move the bobbin 110
in the optical axis direction, it is possible to prevent the
rotation of the bobbin 110 by means of the third protru-
sions 148.

[0041] According to the embodiment, the first sensor
170 may be disposed, coupled or mounted on the bobbin
110, and may thus be moved together with the bobbin
110. The first sensor 170 may detect displacement of the
bobbin 110 in the first direction, which is the optical axis
direction, and may output the result of the detection as
a feedback signal. By using the result of the detection
which is obtained by detecting displacement of the bob-
bin 110 in the first direction or in a direction parallel to
thefirstdirection using the feedback signal, displacement
ofthe bobbin 110 in the first direction or a direction parallel
to the first direction may be adjusted.

[0042] The first sensor 170 may be disposed, coupled
or mounted on the housing 140 in various manners, and
may receive current in various fashions depending on
the manner in which the first sensor 170 is disposed,
coupled or mounted.

[0043] According to one embodiment, the first sensor
170 may be coupled to the housing 140, and an additional
magnet (not shown), which faces the first sensor 170,
may be disposed on the bobbin 110. The first sensor 170
may be disposed, coupled or mounted on side surfaces
or corners of the first mounting recess 146 of the housing
140 shown in FIG. 6 (for example, the surface of the third
protrusion 148). In this case, by the magnetic force which
is exerted on the magnet 130 from the additional sensor
magnet, the bobbin 110, which is moved in the first di-
rection, that is, the optical axis direction, or a direction
parallel to the first direction, may be tilted, and the accu-
racy of the feedback signal may be deteriorated. In con-
sideration of this, another additional sensor magnet may
be disposed, coupled or mounted on the bobbin 110 at
a position at which the interaction between the first ad-
ditional sensor magnet and the magnet 130 is minimized.
[0044] According to another embodiment, the first sen-
sor 170 may be directly disposed, coupled or mounted
on the outer circumferential surface of the bobbin 110.
In this case, surface electrodes (not shown) may be pro-
vided on the outer circumferential surface of the bobbin
110, and the first sensor 170 may receive current through
the surface electrodes.

[0045] Accordingtoafurtherembodiment, thefirstsen-
sor 170 may be indirectly disposed, coupled or mounted
on the bobbin 110, as shown in the drawings. For exam-
ple, the first sensor 170 may be disposed, coupled or
mounted on the sensor substrate 180, and the sensor
substrate 180 may be coupled to the bobbin 110. In other
words, the first sensor 170 may be indirectly disposed,
coupled or mounted on the bobbin 110 through the sen-
sor substrate 180.

[0046] When the firstsensor 170 is directly orindirectly
disposed on the bobbin 110, as in the other and further
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embodiments, the sensor magnet may be disposed in-
dependently from the magnet 130, and the magnet 130
may be used as the sensor magnet.

[0047] Hereinafter, although the case in which the first
sensor 170 is indirectly disposed, coupled or mounted
on the bobbin 110 through the sensor substrate 180 and
the magnet 130 is used as the sensor magnet will be
described, the embodiments are not limited thereto.
[0048] Referring to FIGs. 4 and 5A, the bobbin 110
may be provided on the outer side surface thereof with
a support groove 114, and the sensor substrate 180 may
be fitted into the support groove 114 so as to be coupled
to the bobbin 110. Although the sensor substrate 180
may have, for example, a ring shape, as shown in the
drawings, the embodiments are not limited as to the
shape of the sensor substrate 180. The support groove
114 may be defined between the outer circumferential
surface of the bobbin 110 and the first and second pro-
trusions 111 and 112. At this point, the first sensor 170
may have a shape capable of being disposed, coupled
or mounted on the sensor substrate 180. As shown in
FIGs. 4 and 5B, the first sensor 170 may be disposed,
coupled or mounted on, for example, an upper area A1,
an intermediate area A2 and a lower area A3 of the outer
surface of the sensor substrate 180 in various manners.
The first sensor 170 may receive current from the outside
through the circuit of the sensor substrate 180. For ex-
ample, a mounting hole 183 may be formed in the outer
surface of the sensor substrate 180, and the first sensor
170 may be disposed, coupled or mounted in the mount-
ing hole 183, as shown in FIG. 5B. At least one surface
of the mounting hole 183 may be configured to have an
inclined surface (not shown) so as to allow more efficient
injection of epoxy or the like for assembly of the first sen-
sor 170. Although additional epoxy or the like may not
be injected into the mounting hole 183, the epoxy or the
like may be injected so as to increase the disposition
stability, coupling force and/or mounting force of the first
sensor 170.

[0049] Alternatively, the first sensor 170 may be at-
tached to the outer surface of the sensor substrate 180
by means of an adhesive, such as epoxy or double-sided
adhesive tape, as shown in FIG. 4. As illustrated in FIG.
4, the first sensor 170 may be disposed, coupled or
mounted on the center of the sensor substrate 180.
[0050] The bobbin 110 may have a reception recess
116, which is suitable for receiving the first sensor 170,
which is disposed, coupled or mounted on the sensor
substrate 180. The reception recess 116 may be formed
between the first and second protrusions 111 and 112.
[0051] The sensor substrate 180 may include a body
182, elastic member contacts 184-1, 184-2, 184-3 and
184-4, and circuit patterns L1, L2, L3 and L4.

[0052] When the support groove 114, which is defined
between the outer surface of the bobbin 110 and the first
and second protrusions 111 and 112, has the same
shape as the outer surface of the bobbin 110, the body
182 of the sensor substrate 180 may have a shape ca-
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pable of being securely fitted into the support groove 114.
Although the support groove 114 and the body 182 may
have a circular cross-sectional shape, as shown in FIG
3 to FIG. 5A, the embodiments are not limited thereto.
According to another embodiment, the support groove
114 and the body 182 may have a polygonal cross-sec-
tional shape.

[0053] The body 812 of the sensor substrate 180 may
include a first segment, on the outer surface of which the
first sensor 170 is disposed, coupled or mounted, and a
second segment, which contacts the first segment and
extends therefrom. Although the sensor substrate 180
may have an opening in a region facing the first segment
so as to be easily fitted into the support groove 114, the
embodiments are not limited to a sensor substrate 180
having any specific shape.

[0054] The elastic member contacts 184-1, 184-2,
184-3 and 184-4 may protrude from the body 182 in the
direction which allows the elastic member contacts
184-1, 184-2, 184-3 and 184-4 to contact the first frame
151, for example, in the first direction, that is, the optical
axis direction, orin adirection parallel to the first direction.
The elastic member contacts 184-1, 184-2, 184-3 and
184-4 are the portions that are connected to the firstinner
frame 151 of the upper elastic member 150, which will
be described later.

[0055] The circuit patterns L1, L2, L3 and L4 may be
formed on the body 182, and may conductively connect
the first sensor 170 and the elastic member contacts
184-1, 184-2, 184-3 and 184-4. For example, the first
sensor 170 may be embodied as a Hall sensor, but may
alternatively be embodied as any sensor as long as it is
able to detect variation in magnetic force.

[0056] Ifthefirstsensor 170 is embodied as a Hall sen-
sor, the Hall sensor 170 may have a plurality of pins. For
example, the plurality of pins may include a first pin and
a second pin. Referring to FIG. 5C, the first pin may in-
clude, for example, a first of first pin P11 and a second
of first pin P12, which are respectively connected to the
voltage and to ground, and the second pin may include
afirst of second pin P21 and a second of second pin P22,
which output the result of the detection. At this point, al-
though the result of the detection, that is, the feedback
signal which is output through the first of second pin P21
and the second of second pin P22, may be of a current
type, the embodiments are not limited as to the kind of
feedback signal.

[0057] The first of first, second of first, first of second
and second of second pins P11, P12, P21 and P22 of
the first sensor 170 may be conductively connected to
the elastic member contacts 184-1, 184-2, 184-3 and
184-4 through the circuit patterns L1, L2, L3 and L4, re-
spectively. Referring to FIG. 5C, the first of first, second
of first, first of second and second of second pins P11,
P12, P21 and P22 may be connected to the fourth, third,
second and first elastic member contacts 184-1, 184-3,
184-2 and 184-1 through the circuit patterns, that is, the
first, second, third and fourth lines L1, L2, L3 and L4,
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respectively. According to an embodiment, the first, sec-
ond, third and fourth lines L1, L2, L3 and L4 may be con-
structed so as to be visible to the naked eye. According
to another embodiment, the first, second, third and fourth
lines L1, L2, L3 and L4 may be formed in the body 182
so as to be invisible to the naked eye.

[0058] FIG. 8is across-sectional view taken along line
I-I' of FIG. 3.
[0059] Referring to FIG. 8, the first sensor 170 may be

disposed to face the magnet 130 such that the imaginary
center horizontal line 172, which extends through the
center of the first sensor 170 in the optical axis direction
and intersects the optical axis, is aligned with the upper
end 131 of the magnet 130.

[0060] At this point, although the bobbin 110 may be
moved upward and downward in the optical axis direc-
tion, that is, in the first direction or in a direction parallel
to the first direction with respect to the reference point at
which the imaginary center horizontal line 172 coincides
with the upper end 131 of the magnet 130, the embodi-
ments are not limited thereto.

[0061] FIG. 9is a graph illustrating the accuracy of the
first sensor 170 as a function of the position of the first
sensor 170, in which the horizontal axis represents the
position of the first sensor 170 and the vertical axis rep-
resents the accuracy of the first sensor 170.

[0062] Referringto FIGs. 8 and 9, itwill be appreciated
that the efficiency of sensing by the first sensor 170 is
maximized when the imaginary center horizontal line 172
coincides with the upper end 131 of the magnet 130.
[0063] FIG. 10 is a top perspective view of the bobbin
110, the housing 140, the upper elastic member 150, the
first sensor 170, the sensor substrate 180 and a plurality
of support members 220, all of which are coupled to one
another.

[0064] FIG. 11is abottom perspective view of the bob-
bin 110, the housing 140, the lower elastic member 160
and the plurality of support members 220, all of which
are coupled to one another.

[0065] The firstcoil 120 may be wound around the out-
er circumferential surface of the bobbin 110 by a worker
or a machine, and then both ends, that is, the starting
line and the ending line of the first coil 120 may be re-
spectively wound around a pair of winding protrusions
119 protruding from the bottom surface of the bobbin 110
in the first direction, and may be secured thereto. At this
time, the position of the ending line of the first coil 120,
which is wound around the winding protrusion 119, may
vary depending on the worker. As illustrated in FIG. 11,
although the pair of winding protrusions 119 may be dis-
posed at positions that are symmetrical about the center
of the bobbin 110, the embodiments are not limited there-
to.

[0066] As illustrated in FIG. 8, the first coil 120 may be
fitted and coupled in a coil groove 118, which is formed
in the outer circumferential surface of the bobbin 110. As
illustrated in FIG. 2, although the first coil 120 may be
embodied as a polygonal coil block, the embodiments
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are not limited thereto. According to another embodi-
ment, the first coil 120 may be directly wound around the
outer circumferential surface of the bobbin 110, or may
be wound through a coil ring (not shown). The coil ring
may be coupled to the bobbin 110 in the same manner
as the sensor substrate 180 fitted in the support groove
114, and the first coil 120 may be wound around the coil
ring rather than being wound or disposed around the bob-
bin 110. In any case, the starting line and the ending line
of the first coil 120 may be respectively wound around
the pair of winding protrusions 119 and secured thereto,
and other constructions are the same.

[0067] As shown in FIG. 2, the first coil 120 may be
configured to have an approximately octagonal shape.
This is because the outer circumferential surface of the
bobbin 110, which corresponds to the first coil 120, has
the octagonal shape, as illustrated in FIG. 5A. At least
four of the surfaces of the first coil 120 may be configured
to be linear, and the corner surfaces connected between
the four surfaces may also be configured to be linear.
However, the embodiments are not limited thereto, and
the surfaces may be configured to be rounded.

[0068] The linear surfaces of the first coil 120 may be
configured to correspond to the magnets 130. The sur-
faces of the magnets 130, which correspond to the sur-
faces of the first coil 120, may have the same radius of
curvature as the surfaces of the first coil 120. Specifically,
the surfaces of the magnets 130 may be linear when the
surfaces of the coils 120 are linear, whereas the surfaces
of the magnets 130 may be rounded when the surfaces
of the coils 120 are rounded. However, even if the sur-
faces of the first coil 120 are rounded, the surfaces of the
magnets 130 may be linear, and vice versa.

[0069] The first coil 120, which is intended to move the
bobbin 110 in the first direction, which is parallel to the
optical axis, or in a direction parallel to the first direction
so as to fulfill the autofocusing function, may generate
electromagnetic force through the interaction between
the magnets 130 and the first coil 120 upon the supply
of current. The generated electromagnetic force may
move the bobbin 110 in the first direction or in a direction
parallel to the first direction.

[0070] The first coil 120 may be configured to corre-
spond to the magnets 130. In other words, if the magnets
130 are constructed to form a single magnet body and
the entire inner surface of the magnet 130, which faces
the outer surface of the first coil 120, has the same po-
larity, the outer surface of the first coil 120, which corre-
sponds to the inner surface of the magnet 130, may have
the same polarity.

[0071] Alternatively, the magnet 130 may be divided
into two or four magnets and thus the inner surface of
the magnet 130, which faces the outer surface of the first
coil 120, may also be divided into two or four surfaces,
in which case the first coil 120 may also be divided into
a number of coils that corresponds to the number of the
divided magnets 130.

[0072] The magnet 130 may be disposed at a position
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corresponding to that of the first coil 120. Referring to
FIG. 8, the magnet 130 may be disposed to face the first
coil 120 as well as the first sensor 170. This is the case
in which the magnet 130 is used as the magnet for the
first sensor 170 without providing an additional magnet
for the first sensor 170, as in one embodiment.

[0073] In this case, the magnet 130 may be received
in a first side portion 141 of the housing 140, as shown
in FIG. 7. The magnet 130 may be configured to have an
approximately cuboid shape corresponding to that of the
first side portion 141 of the housing 140, and the surface
of the magnet 130 that faces the first coil 120 may be
configured to have a curvature corresponding to that of
the corresponding surface of the first coil 120.

[0074] The magnet 130 may be constituted by a single
magnet body. Referring to FIG. 5A, which shows the em-
bodiment, the magnet 130 may be oriented such that the
inner surface of the magnet 130 that faces the first coil
120 serves as an S pole, whereas the outer surface of
the magnet 130 serves as an N pole 134. However, the
embodiments are not limited thereto, and the inverted
disposition is also possible.

[0075] Two or more magnets 130 may be provided.
According to the embodiment, four magnets 130 may be
provided. As shown in FIG. 5A, the magnet 130 may be
configured to have an approximately rectangular shape
when viewed in a plan view. Alternatively, the magnet
130 may be configured to have a triangular shape or a
rhombus shape.

[0076] Although the surface ofthe magnet 130 thatfac-
es the first coil 120 may be linear, the embodiments are
not limited thereto. If the corresponding surface of the
first coil 120 is rounded, the magnet 130 may be rounded
so as to have a curvature corresponding to that of the
rounded surface of the first coil 120. By virtue of this con-
figuration, it is possible to maintain a constant distance
between the magnet 130 and the first coil 120. In the
embodiment, the magnets 130 may be disposed one at
each of the four first side portions 141 of the housing 140.
However, the embodiments are not limited thereto. In
some designs, only one of the surface of the magnet 130
and the surface of the first coil 120 may be a flat surface,
whereas the other surface may be a curved surface. Fur-
thermore, both the mating surfaces of the first coil 120
and the magnet 130 may be curved surfaces. In this case,
the mating faces of the first coil 120 and the magnet 130
may have the same curvature.

[0077] When the magnets 130 have a rectangular
shape when viewed in a plan view, as illustrated in FIG.
5A, a pair of magnets 130 among the plurality of magnets
130 may be oriented parallel to each other in the second
direction, and the other pair of magnets 130 may be ori-
ented parallel to each other in the third direction. By virtue
of this configuration, itis possible to control the movement
of the housing 140 for handshake correction.

[0078] The housing 140 may have a polygonal shape
when viewed in a plan view. Although the outer contour
of the upper end of the housing 140 may have a square
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shape, as shownin FIG. 6, which shows the embodiment,
the inner contour of the lower end of the housing 140
may have an octagonal shape, as shown in FIGs. 6 and
7. Accordingly, the housing 140 may include a plurality
of side portions, for example, four first side portions 141
and four second side portions 142.

[0079] The first side portions 141 may be the portions
on which the magnets 130 are mounted, and the second
side portions 142 may be the portions on which the sup-
port members 220 are mounted. The first side portions
141 may connect the second side portions 142 to each
other, and may include flat surfaces having a predeter-
mined depth.

[0080] According to the embodiment, the first side por-
tions 141 may be configured to have a surface area equal
to or larger than that of the magnets 130. Referring to
FIG. 7, the magnets 130 may be held in magnet mounting
portions 141a, which are formed at lower portions of inner
surfaces of thefirst side portions 141. The magnet mount-
ing portions 141a may be embodied as recesses having
a size corresponding to that of the magnets 130, and may
be disposed so as to face at least three surfaces, that is,
opposite lateral side surfaces and the upper surface of
the magnets 130. The magnet mounting portions 141a
may have openings, which are provided in the bottom
surfaces thereof and which face the second coil 230, such
that the bottom surfaces of the magnets 130 directly face
the second coil 230.

[0081] Although the magnets 130 may be secured to
the magnet mounting portions 141a using an adhesive,
an adhesive member such as a piece of double-sided
adhesive tape may alternatively be used without limita-
tion. Alternatively, the magnet mounting portions 141a
may be embodied as magnet mounting holes into which
the magnets 130 are partially fitted or through which the
magnets 130 are partially exposed, unlike the recessed
structure shown in FIG. 7.

[0082] Thefirstside portions 141 may be disposed par-
allel to the side surfaces of the cover member 300. The
first side portions 141 may be configured to have a larger
area than the second side portions 142. The second side
portions 142 may define passages through which the
support members extend. Upper portions of the second
side portions 142 may include first through holes 147.
The support members 220 may extend through the first
through holes 147 and may be connected to the upper
elastic member 150.

[0083] The housing 140 may further include second
stoppers 144. The second stoppers 144 may prevent the
upper surface of the housing 140 from directly colliding
with the inner surface of the cover member 300 shown
in FIG. 1.

[0084] The housing 140 may further include a plurality
of first upper support protrusions 143 formed on the sec-
ond side portions 142. The plurality of first upper support
protrusions 143 may have a hemispherical shape, as
shown in the drawings, or may have a circular cylindrical
shape or a rectangular column shape. However, the em-
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bodiments are not limited as to the shape of the first upper
support protrusions 143.

[0085] ReferringtoFIGs.6and 7, the housing 140 may
be provided with first recesses 142a formed in the side
portions 142. The first recesses 142a are provided so as
to provide paths, through which the support members
220 extend, as well as spaces which will be filled with a
damping material. In other words, the firstrecesses 142a
may be filled with damping material.

[0086] The damping material may be constituted by
photocurable resin. The damping material may be pref-
erably constituted by ultraviolet-curable resin, and may
be more preferably constituted by ultraviolet-curable sil-
icone. The damping material may be a gel-type material.
[0087] FIG. 12 is a perspective of the upper elastic
member 150, the lower elastic member 160, the support
members 220, the conductive members 154 and the
printed circuit board 250 according to the embodiment,
all of which are assembled to one another.

[0088] In this embodiment, the lower elastic member
160 may be constructed into a dual partitioning structure
for applying power to the first coil 120, and the upper
elastic member 150 may be a four-segmented structure
for outputting a feedback signal from the first sensor 170
and applying power to the first sensor 170.

[0089] In the embodiment, the first coil 120 may be
conductively connected to the upper elastic member 150,
the lower elastic member 160 and the printed circuit
board 250 so as to receive power from the printed circuit
board 250. The specific structure for implementing this
is as follows.

[0090] According to the embodiment, the upper elastic
member 150 may include at least four upper elastic mem-
bers, that is, first to fourth upper elastic members 150-1,
150-2, 150-3 and 150-4. The elastic member contacts
184-1, 184-2, 184-3 and 184-4, which are connected to
the first sensor 170, may be connected to the plurality of
support members 220 through the first to fourth upper
elastic members 150-1, 150-2, 150-3 and 150-4. Specif-
ically, the first upper elastic member 150-1, which is con-
nected to the elastic member contact 184-4, may be con-
nected to a first support member 220-1, that is, first of
first and second of first support members 220-1a and
220-1b, and the second upper elastic member 150-2,
which is connected to the elastic member contact 184-3,
may be connected to a second support member 220-2.
Furthermore, the third upper elastic member 150-3,
which is connected to the elastic member contact 184-2,
may be connected to a third support member 220-3, that
is, first of third and second of third support members
220-3a and 220-3b, and the fourth upper elastic member
150-4, which is connected to the elastic member contact
184-1, may be connected to a fourth support member
220-4.

[0091] Each 150a of the first and third upper elastic
members 150-1 and 150-3 may include the first inner
frame 151, a first of first outer frame 152a and the first
frame connector 153, and each 150b of the second and
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fourth upper elastic members 150-2 and 150-4 may in-
clude the first inner frame 151, a first of first outer frame
152b and the first frame connector 153. The first inner
frame 151 may be coupled to the bobbin 110 and the
associated elastic member contacts 184-1, 184-2, 184-3
and 184-4. As shown in FIG. 4, when the upper surface
112a of the second protrusion 112 is flat, the first inner
frame 151 may be placed on the upper surface 112a,
and may be secured thereto by means of an adhesive
member. According to another embodiment, when a sup-
port protrusion (not shown) is formed on the upper sur-
face 112a, unlike the one embodiment shown in FIG. 4,
the support protrusion may be inserted into a first of sec-
ond through hole 151a formed in the first inner frame
151, and may be secured thereto through thermal fusion
or by means of an adhesive such as epoxy.

[0092] The first of first outer frames 152a and 152b
may be coupled to the housing 140, and may be con-
nected to the support members 220. The first frame con-
nector 153 may connect the first inner frame 151 and the
first of first outer frame 152a and 152b. Although the first
of first outer frame 152b has a configuration in which the
first of first outer frame 152ais divided into two segments,
the embodiments are not limited thereto. In other words,
according to another embodiment, the first of first outer
frame 152a may also be divided into two segments in the
same manner as the first of first outer frame 152b.
[0093] The first frame connector 153 may be bent at
least one time to define a predetermined pattern. The
upward and/or downward movement of the bobbin 110
in the first direction, parallel to the optical axis, may be
flexibly supported by positional change and fine defor-
mation of the first frame connector 153.

[0094] The plurality of first upper support protrusions
143 of the housing 140 may couple and secure the first
of first outer frames 152a and 152b of the upper elastic
member 150 to the housing 140, as illustrated in FIG. 12.
According to the embodiment, the first of first outer
frames 152a and 152b may be provided with second of
second through holes 157 at positions corresponding to
the first upper support protrusions 143 of the first of first
outer frames 152a and 152b. The upper support protru-
sions 143 and the second of second through holes 157
may be coupled to each other through thermal fusion or
by means of an adhesive such as epoxy. In order to se-
cure the plurality of first to fourth upper elastic members
150-1, 150-2, 150-3 and 150-4, a sufficient number of
first upper support protrusions 143 may be provided. Ac-
cordingly, it is possible to prevent the first to fourth upper
elastic members 150-1, 150-2, 150-3 and 150-4 and the
housing 140 from being unreliably coupled to each other.
[0095] The distance between the plurality of first upper
support protrusions 143 may be appropriately set such
that the first upper support protrusions do not interfere
with peripheral components. Specifically, the first upper
support protrusions 143 may be disposed at the corners
of the housing 140 at regular intervals so as to be sym-
metrical about the center of the bobbin 110, or may be
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disposed at irregular intervals so as to be symmetrical
based on a specificimaginary line extending through the
center of the bobbin 110.

[0096] After the first inner frame 151 is coupled to the
bobbin 110 and the first of first outer frames 152a and
152b are coupled to the housing 140, conductive con-
necting members CP11, CP12, CP13 and CP14, made
for example of solder, may be provided between the elas-
tic member contacts 184-1, 84-2, 184-3 and 184-4 of the
sensor substrate 180 and the first inner frame 151, as
shown in FIG. 10, so as to enable power having different
polarities to be applied to two pins P11 and P12, among
the four pins P11, P12, P13 and P14 of the first sensor
170, and to enable different feedback signals to be output
from two other pins P21 and P22. In order to enable the
application of power having different polarities and the
output of different feedback signals in this way, the upper
elastic member 150 may be divided into the first to fourth
upper elastic members 150-1, 150-2, 150-3 and 150-4.
[0097] The first to fourth upper elastic members 150-1,
150-2, 150-3 and 150-4 are connected to the printed cir-
cuit board 250 through the support members 220. Spe-
cifically, the first upper elastic member 150-1 may be
connected to the printed circuitboard 250 through at least
one of the first of first support member 220-1a and the
second of first support member 220-1b, and the second
upper elastic member 150-2 may be connected to the
printed circuit board 250 through the second support
member 220-2. Furthermore, the third upper elastic
member 150-3 may be connected to the printed circuit
board 250 through at least one of the first of third support
member 220-3a and the second of third support member
220-3b, and the fourth upper elastic member 150-4 may
be connected to the printed circuit board 250 through the
fourth support member 220-4. Accordingly, the first sen-
sor 170 may receive power supplied from the printed cir-
cuit board 250 through the support members 220 and
the upper elastic member 150, or may output feedback
signals and provide the feedback signals to the printed
circuit board 250.

[0098] The lower elastic member 160 may include a
firstlower elastic member 160-1 and a second lower elas-
tic member 160-2, which are conductively isolated from
each other. The first coil 120 may be connected to the
plurality of support members 220 through the first and
second lower elastic members 160-1 and 160-2.
[0099] Each of the first and second lower elastic mem-
bers 160-1 and 160-2 may include at least one of the
second inner frames 161-1 and 161-2, at least one of the
second outer frames 162-1 and 162-2, and at least one
of the second frame connectors 163-1 and 163-2.
[0100] The second inner frames 161-1 and 161-2 may
be coupled to the bobbin 110, and the second outer
frames 162-1 and 162-2 may be coupled to the housing
140. The first of second frame connector 163-1 may con-
nect the second inner frame 161-1 and the second outer
frame 162-1, the second of second frame connector
163-2 may connect two second outer frames 162-1 and
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162-2, and the third of second frame connector 163-3
may connect the second inner frame 161-2 and the sec-
ond outer frame 162-2.

[0101] The first lower elastic member 160-1 may fur-
therinclude a first coil frame 164-1, and the second lower
elastic member 160-2 may further include a second coil
frame 164-2. Referring to FIG. 11, the first and second
coil frames 164-1 and 164-2 may be connected to both
ending lines of the first coil 120 through conductive con-
necting members, such as solder, at positions on the
upper surface thereof which are disposed near the pair
of winding protrusions 119, around which the two ending
lines of the first coil 120 are wound, whereby the first and
second lower elastic members 160-1 and 160-2 may re-
ceive power having different polarities and may transmit
the power to the first coil 120. In order to enable the ap-
plication of power having different polarities and trans-
mission of the power to the first coil 120 in this way, the
lower elastic member 160 may be divided into the first
and second lower elastic members 160-1 and 160-2.
[0102] Each of the first and second lower elastic mem-
bers 160-1 and 160-2 may further include a fourth of sec-
ond frame connector 163-4. The fourth of second frame
connector 163-4 may connect the coil frame 164 and the
second inner frame 161-2.

[0103] Atleast one of the first of second through fourth
of second frame connectors 163-1, 163-2, 163-3 and
163-4 may be bent at least one time to define a prede-
termined pattern. Particularly, the upward and/or down-
ward movement of the bobbin 110 in the first direction,
parallel to the optical axis, may be flexibly supported by
positional change and fine deformation of the first of sec-
ond frame connector 163-1 and the third of second frame
connector 163-3.

[0104] According to one embodiment, each of the first
and second lower elastic members 160-1 and 160-2 may
further include a second protruding frame 165. The sec-
ond protruding frame 165 protrudes from the second of
second frame connector 163-2, to which the conductive
member 154 is securely coupled. The upper elastic mem-
ber 160 may further include fifth and sixth upper elastic
members 150-5 and 150-6, which are conductively iso-
lated from each other.

[0105] Each of the fifth and sixth upper elastic mem-
bers 150-5 and 150-6 may further include a first protrud-
ing frame 155, to which the conductive member 154 is
securely coupled. The conductive member 154 may be
connected to the second protruding frame 165, and may
be oriented such that the length direction thereof coin-
cides with the first direction.

[0106] The firstand second protruding frames 155 and
165 may be disposed at positions corresponding to each
other in the first direction such that two ends of the con-
ductive member 154 are respectively coupled to the first
and second protruding frames 155 and 165 and such that
the length direction of the conductive member 154 coin-
cides with the first direction.

[0107] Each of the fifth and sixth upper elastic mem-
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bers 150-5 and 150-6 may be connected to the support
member 220. In other words, the fifth upper elastic mem-
ber 150-5 may be connected to a fifth support member
220-5, and the sixth upper elastic member 150-6 may be
connected to a sixth support member 220-6.

[0108] The first and second lower elastic members
160-1 and 160-2 may be integrally formed with the re-
spective second protruding frames 165. In this way, the
fifth and sixth upper elastic members 150-5 and 150-6
may be integrally formed with the respective first protrud-
ing frames 155. The upper end of the conductive member
154 may be securely coupled to the first protruding frame
155, and the lower end of the conductive member 154
may be securely coupled to the second protruding frame
165.

[0109] Here, the first and second protruding frames
155 and 165 and the conductive member 154 may be
securely coupled to each other by means of soldering, a
conductive adhesive or the like. In order to ensure the
secure coupling between the first and second protruding
frames 155 and 165 and the conductive member 154 and
to facilitate the coupling work, each of the firstand second
protruding frames 155 and 165 may be provided with a
hole or recess into which the conductive member 154 is
fitted.

[0110] In this way, each of the first and second lower
elastic members 160-1 and 160-2 and each of the fifth
and sixth upper elastic members 150-5 and 150-6 may
be mechanically and electrically connected to each other
via the conductive member 154, which is oriented in the
first direction.

[0111] The conductive member 154 is preferably made
of a flexible or elastic material such that the conductive
member 154 flexes in a direction perpendicular to the
length direction thereof when the bobbin 110 moves in
the second and/or third directions.

[0112] The lower ends of the plurality of support mem-
bers 220 may be securely coupled to the printed circuit
board 250, or may be securely coupled to the second
coil 230. Accordingly, the lower ends of the plurality of
support members 220 may be fixedly secured to the print-
ed circuit board 150 or the second coil 230 even when
the bobbin 110 moves in the second and/or third direc-
tions.

[0113] According to still another embodiment, the
housing 140 may further be provided with an insert or a
metal attachment (not shown), unlike the embodiment
shown in FIG. 12. In this case, the second of first outer
frame 158 and the second of second frame connector
163-2 may be connected to each other via the metal at-
tachment. In this case, the first and second protruding
frames 155 and 165 and the conductive member 154,
which are shown in FIG. 12, may be omitted.

[0114] The second of first outer frame 158 may further
include the second of second through hole 157, like the
first of first outer frame 152b.

[0115] According to one embodiment, the first of first
outer frames 152a and 152b of the first to sixth upper
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elastic members 150-1, 150-2, 150-3, 150-4, 150-5 and
150-6 may be disposed to face each other in a diagonal
direction, and the second of first outer frames 158 may
be disposed to face each other in a diagonal direction.
Specifically, the first of first outer frame 152a of the first
upper elastic member 150-1 and the first of first outer
frame 152a of the third upper elastic member 150-3 may
be disposed to face each other in a diagonal direction.
Furthermore, the first of first frame 152b of the second
upper elastic member 150-2 and the first of first outer
frame 152b of the fourth upper elastic member 150-4
may be disposed to face each other in a diagonal direc-
tion. In addition, the second of first outer frame 158 of
the fifth upper elastic member 150-5 and the second of
first outer frame 158 of the sixth upper elastic member
150-6 may be disposed to face each other in a diagonal
direction.

[0116] It will be appreciated that the first and second
lower elastic members 160-1 and 160-2 receive power
from the printed circuit board 250 through the fifth and
sixth upper elastic members 150-5 and 150-6, connected
to the plurality of support members 220, and through the
conductive member 154 connecting the first and second
lower elastic members 160-1 and 160-2 and the fifth and
sixth upper elastic members 150-5 and 150-6, and pro-
vide the power to the first coil 120. Specifically, the first
lower elastic member 160-1 may be connected to the
printed circuit board 250 through the conductive member
154, the sixth upper elastic member 160-6 and the sixth
support member 220, and the second lower elastic mem-
ber 160-2 may be connected to the printed circuit board
250 through the conductive member 154, the fifth upper
elastic member 160-5 and the fifth support member
220-5.

[0117] Referring to FIG. 11, the lower surface of the
bobbin 110 may be provided with a plurality of first lower
support protrusions 117 so as to couple or secure the
second inner frames 161-1 and 161-2 of the lower elastic
member 160 and the bobbin 110 to each other. The lower
surface of the housing 140 may be provided with a plu-
rality of second lower support protrusions 145 so as to
couple or secure the second outer frames 162-1 and
162-2 of the lower elastic member 160 and the housing
140 to each other.

[0118] The number of second lower support protru-
sions 145 may be greater than the number of first lower
support protrusions 117. This is because the second
frame connector 163-2 of the lower elastic member 160
is longer than the first frame connector 163-1.

[0119] As described above, since the lower elastic
member 160 is divided into two lower elastic members,
the first and second lower support protrusions 117 and
145 are provided in a sufficient number equal to the
number of the first upper support protrusions 143, where-
by it is possible to prevent a gap which would otherwise
be created when the lower elastic member 160 is sepa-
rated.

[0120] Inthe case where the lower elastic member 160
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is constituted not by divided segments but by a single
body, there is no necessity to provide a large number of
first and second lower support protrusions 117 and 145
equal to the number of the first upper support protrusions
143. This is because the lower elastic member 160 can
be reliably coupled to the housing 140 by only a small
number of first and second lower support protrusions 117
and 145.

[0121] However, when the lower elastic member 160
is divided into the first and second lower elastic members
160-1 and 160-2, which are conductively isolated from
each other, a sufficient number of first and second lower
support protrusions 117 and 145 may be provided in or-
derto hold the divided firstand second lower elastic mem-
bers 160-1 and 160-2. Accordingly, it is possible to pre-
vent the first and second lower elastic members 160-1
and 160-2 and the housing 140 from being incompletely
coupled to each other.

[0122] As shown in FIG. 12, according to the embod-
iment, the second inner frames 161-1 and 161-2 of the
first and second lower elastic members 160-1 and 160-2
may be provided with third through holes 161a, which
are formed at positions corresponding to the first lower
support protrusions 117 and have a shape corresponding
to that of the first lower support protrusions 117. The first
lower support protrusions 117 and the third through holes
161a may be coupled to each other through thermal fu-
sion or by means of an adhesive such as epoxy.

[0123] Furthermore, the second outer frames 162-1
and 162-2 of each of the first and second lower elastic
members 160-1 and 160-2 may be provided with fourth
through holes 162a, which are formed at positions cor-
responding to the second lower support protrusions 145.
The second lower support protrusions 145 and the fourth
through holes 162a may be coupled to each otherthrough
thermal fusion or by means of an adhesive such as epoxy.
[0124] The distance between the plurality of first lower
support protrusions 117 and 145 may be appropriately
set such that the first lower support protrusions do not
interfere with peripheral components. Specifically, the
first and second lower support protrusions 117 and 145
may be disposed at irregular intervals so as to be sym-
metrical about the center point of the bobbin 110.
[0125] Although the upper elastic member 150 and the
lower elastic member 160 may be embodied as springs,
the embodiments are not limited as to the material of the
upper and lower elastic members 150 and 160.

[0126] The bobbin 110, the housing 140 and the upper
and lower elastic members 150 and 160 may be assem-
bled to each other through thermal fusion and/or a bond-
ing procedure using an adhesive. Here, the assembly
may be performed in such a manner as to perform ther-
mal fusion and then a bonding procedure using an ad-
hesive depending on the assembly sequence.

[0127] Forexample, whenthe bobbin 110 and the sec-
ond inner frames 161-1 and 161-2 of the lower elastic
member 160 are assembled to each other in the first se-
quence in the first assembly and then the housing 140
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and the second outer frames 162-1 and 162-2 of the lower
elastic member 160 are secondly assembled to each oth-
er in the second assembly, the first lower support protru-
sions 117 of the bobbin 110 may be coupled to the third
through holes 161a and the second lower support pro-
trusions 145 of the housing 140 may be coupled to the
fourth through holes 162a through thermal fusion. When
the firstinner frame 151 of the upper elastic member 150
is first assembled in the third assembly, the elastic mem-
ber contacts 184-1, 184-2, 184-3 and 184-4 of the sensor
substrate 180 and the first inner frames 151 of the first
to fourth upper elastic members 150-1, 150-2, 150-3 and
150-4 may be coupled to each other through thermal fu-
sion. Thereafter, when the housing 140 and the first of
first and second of first outer frames 152a, 152b and 158
of the upper elastic member 150 are coupled to each
other in the fourth assembly, the second of second
through holes 157 may be bonded to the first upper sup-
port protrusions 143 of the housing 140 through the ap-
plication of an adhesive such as epoxy. However, this
assembly sequence may be changed. In other words,
the first to third assemblies may be performed through
thermal fusion, and the fourth assembly may be per-
formed through bonding. Although thermal fusion may
involve deformation such as distortion, the bondingin the
fourth assembly may compensate for such deformation.
[0128] In the above embodiment, power may be sup-
plied to the first sensor 170 through the two upper elastic
members 160, which are conductively isolated from each
other, a feedback signal output from the first sensor 170
may be transmitted to the printed circuit board 250
through two other upper elastic members 150, which are
conductively isolated from each other, and power may
be supplied to the first coil 120 through the two lower
elastic members 160, which are conductively isolated
from each other. However, the embodiments are not lim-
ited thereto.

[0129] According to another embodiment, the role of
the plurality of upper elastic members 150 and that of the
plurality of lower elastic members 160 may be swapped.
Specifically, power may be supplied to the first coil 120
through the two upper elastic members 150, which are
conductively isolated from each other, power may be
supplied to the first sensor 170 through two lower elastic
members 160, which are conductively isolated from each
other, and a feedback signal output from the first sensor
170 may be transmitted to the printed circuit board 250
through two other lower elastic members 160. Although
not illustrated, this will be readily understood from the
preceding drawings.

[0130] Referring to FIGs. 3, 6, 7, 10 and 11, the outer
side surface of the housing 140 may be provided with a
plurality of third stoppers 149. The third stoppers 149 are
intended to prevent the body of the housing 140 from
colliding with the cover member 300 when the first lens
moving unit moves in the second and/or third directions
in order to prevent the side surface of the housing 140
from directly colliding with the inner surface of the cover
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member 300 upon the application of external impact. As
shown in the drawings, although the third stoppers 149
are disposed two on each outer surface of the housing
140 with a constant interval therebetween, the embodi-
ments are not limited as to the positions or number of the
third stoppers 149.

[0131] Although not shown in the drawings, the hous-
ing 140 may further be provided at the lower surface
thereof with fourth stoppers. The fourth stoppers may
project from the lower surface of the housing 140. The
fourth stoppers may serve to prevent the lower surface
ofthe housing 140 from colliding with the base 210 and/or
the printed circuit board 250, which will be described later.
In addition, the fourth stoppers may be maintained in the
state of being spaced apart from the base 210 and/or the
printed circuit board 250 by a predetermined distance
when the fourth stoppers are in the initial position and
are operating normally. By virtue of this construction, the
housing 140 may be spaced apart downward from the
base 210 and may be spaced apart upward from the cov-
er member 300, whereby the housing 140 may be main-
tained at a constantlevel in the optical axis direction with-
outinterference with other components. Accordingly, the
housing 140 may move in the second and/or third direc-
tions.

[0132] The first lens moving unit according to the em-
bodiment may precisely control the movement of the bob-
bin 110 by detecting the position of the bobbin 110 in the
optical axis direction, that is, the first direction or a direc-
tion parallel to the first direction. This may be achieved
through feedback by providing information about the po-
sition, detected by the first sensor 170, to the outside
through the printed circuit board 250.

[0133] Accordingto one embodiment, in order to move
the bobbin 110 in the optical axis direction, that is, the
first direction or a direction parallel to the first direction,
a magnet (hereinafter referred to as the detecting mag-
net; not shown), which faces the first sensor 170, may
further be provided, in addition to the magnet 130 (here-
inafter referred to as the autofocusing magnet) that faces
the first coil 120. In this embodiment, the interaction be-
tween the autofocusing magnet 130 and the first coil 120
may be obstructed by the detecting magnet. This is be-
cause a magneticfield may be generated by the detecting
magnet. Accordingly, in order to prevent the detecting
magnet, which is separately provided, from interacting
with the autofocusing magnet 130 or in order to prevent
the bobbin 110 from being tilted but to allow the interac-
tion between the detecting magnet and the autofocusing
magnet 130, the first sensor 170 may be disposed to face
the detecting magnet. In this case, the first sensor 170
may be disposed, coupled or mounted on the bobbin 110,
and the detecting magnet may be disposed, coupled or
mounted on the housing 140. Alternatively, the first sen-
sor 170 may be disposed, coupled or mounted on the
housing 140, and the detecting magnet may be disposed,
coupled or mounted on the bobbin 110.

[0134] According to another embodiment, in place of
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additional disposition of the detecting magnet, the auto-
focusing magnet may be used as the detecting magnet
in order to move the bobbin 110 in the optical axis direc-
tion, that s, the first direction or a direction parallel to the
first direction. For example, in order for the autofocusing
magnet 130 to also serve as the detecting magnet, the
first sensor 170 may not be disposed on the housing 140
but may be disposed, coupled or mounted on the bobbin
110 so as to be moved with the bobbin 110. Accordingly,
when both the autofocusing magnet and the detecting
magnet are present together, problems caused by the
interaction between the two magnets may be fundamen-
tally solved. For example, it is not necessary to provide
a piece of magnetic field blocking metal (not shown) for
minimizing the interaction between the autofocusing
magnet and the detecting magnet.

[0135] In some cases, the first lens moving unit may
further include various devices for improving the autofo-
cusing function, in addition to the first sensor 170. In this
case, the positions of the devices or the method or proc-
ess of receiving power through the printed circuit board
250 and supplying feedback signals to the printed circuit
board 250 may be identical to those of the first sensor
170.

[0136] Referring againto FIG. 2, the second lens mov-
ing unit, which serves as a handshake correction lens
moving unit, may include the first lens moving unit, the
base 210, the plurality of support members 220, the sec-
ond coil 230, the second sensor 240, and the printed
circuit board 250.

[0137] Although the first lens moving unit may include
the above-mentioned components, the above-men-
tioned components may be replaced with another optical
system capable of fulfilling the autofocusing function.
Specifically, the first lens moving unit may be constituted
by an optical module using a single lens moving actuator
or a variable refractive index actuator, in place of using
an autofocusing actuator employing a voice coil motor.
In other words, the first lens moving unit may adopt any
optical actuator as long as it is capable of fulfilling an
autofocusing function. However, there is a need to install
the magnet 130 at a position corresponding to the second
coil 230, which will be described later.

[0138] FIG. 13is afrontview showing the upper elastic
member 150, the lower elastic member 160, the support
members 220, the conductive member 154, the printed
circuit board 250, the bobbin 110 and the first coil 120
according to the embodiment, all of which are assembled
to one another.

[0139] The conductive member 154 may be configured
to have a shorter length than the support member 220.
Specifically, a first length L1, that is, the length of the
conductive member 154, which is the distance between
the lower surface of the upper elastic member 150 and
the upper surface of the lower elastic member 160, may
be shorter than a second length L2, that is, the length of
the support member 220, which is the distance between
the lower surface of the upper elastic member 150 and
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the upper surface of the printed circuit board 250.
[0140] Thisis because the lower end of the conductive
member 154 is securely coupled to the lower elastic
member 160, the lower end of the support member 220
is fitted or coupled to the printed circuit board and there
is a certain distance between the lower elastic member
160 and the printed circuit board.

[0141] The firstlength L1 may be appropriately select-
ed in consideration of ease of assembly of the lens mov-
ing apparatus, the size of the bobbin 110, or the like.
Accordingly, the first length L1 may be in a range of 0.1
mm to 1 mm, preferably in a range of 0.3 mm to 0.5 mm.
[0142] In the embodiment, the upper elastic member
150 and the lower elastic member 160 are mechanically
and electrically connected to each other via the conduc-
tive member 154 such that current from the printed circuit
board 250 is applied to the lower elastic member 160.
[0143] When the lower elastic member 160 is directly
connected to the support member 220, the lower elastic
member 160 is positioned near the lower end of the sup-
port member 220, which is the portion that is secured to
the printed circuit board 250 or the second coil 230. When
the bobbin 110 moves in the second and/or third direc-
tions, there is a need to provide a high driving force in
order to bend the support member 220, which is coupled
to both the upper and lower elastic members 150 and
160, in the second and/or third directions.

[0144] However,since the supportmember 220 is cou-
pled only to the upper elastic member 150 and the cou-
pled portion is positioned at a relatively long distance
from the lower end of the support member 220, which is
secured to the printed circuit board 250 or the second
coil 230 in the embodiment, the support member 220
may be sufficiently bent in the second and/or third direc-
tions even by a remarkably low driving force, compared
to the case in which the lower elastic member 160 is
directly connected to the support member 220.

[0145] Accordingly, by virtue of the above construction,
the embodiment has an advantage in that it is possible
to reduce the driving force required to drive the bobbin
110 in the second and/or third directions.

[0146] Consequently, the lens moving apparatus ac-
cording to the embodiment has an effect of reducing a
driving force required to move the bobbin 110 in the sec-
ond and/or third directions by virtue of the above-de-
scribed structure.

[0147] Consequently, the lens moving apparatus ac-
cording to the embodiment has an effect of performing
handshake correction even using a low driving force. Fur-
thermore, since excessive driving force is not applied to
the support member 220, there is an effect of improving
the durability of the lens moving apparatus including the
support member 220.

[0148] FIG. 14 is an exploded perspective view of the
base 210, the second coil 230 and the printed circuit
board 250.

[0149] As shown in FIGs. 2 and 14, the base 210 of
the second lens moving unit may have an approximately
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rectangular shape when viewed in a plan view. The base
210 may be provided with stepped portions 211, to which
an adhesiveis applied when adhesively securing the cov-
er member 300 to the base 210, as illustrated in FIG. 14.
The stepped portion 211 may guide the cover member
300, which is coupled on the base 210, and may enable
the cover member 300 to contact the base 210 in a sur-
face-contact manner. The stepped portions 211 and the
end of the cover member 300 may be adhesively secured
to each other and may be sealed shut using an adhesive
or the like.

[0150] The base 210 may be disposed so as to be
spaced apart from the first lens moving unit by a prede-
termined distance. The base 210 may be provided with
a supporting portion 255, which is positioned at the por-
tion of the base 210 at which terminals 251 of the printed
circuit board 250 are formed and which has a size cor-
responding to that portion of the base 210. The support-
ing portion 255 may be configured to have a constant
cross-sectional area without the stepped portion 211 so
astosupportaterminal pad 253 having the terminals 251.
[0151] The base 210 may have second recesses 212
formed in the corners thereof. When the cover member
300 includes projections formed at the corners thereof,
the projections of the cover member 300 may be fitted
into the second recesses 212.

[0152] The base 210 may be provided in the upper
surface thereof with second mounting recesses 215-1
and 215-2 in which the second sensors 240 are disposed.
According to the embodiment, two second mounting re-
cesses 215-1 and 215-2 are provided, and the second
sensors 240 are respectively disposed in the second
mounting recesses 215-1 and 215-2, whereby the sec-
ond sensors 240 are able to detect the extent by which
the housing 140 moves in the second and/or third direc-
tions. To this end, the two second mounting recesses
215-1 and 215-2 may be disposed such that the angle
defined by two imaginary lines connecting the two second
mounting recesses 215-1 and 215-2 and the center of
the base 210 is 90°.

[0153] Each of the second mounting recesses 215-1
and 215-2 may be provided on at least one surface there-
of with an inclined surface (not shown) so as to allow
epoxy or the like for the assembly of the second sensors
240 to be more easily injected through the inclined sur-
face. The additional epoxy or the like may not be injected
into the second mounting recesses 215-1 and 215-2, or
may be injected in order to secure the second sensors
240 in place. The second mounting recesses 215-1 and
215-2 may be disposed at or near the center of the second
coil 230. The center of the second coil 230 and the center
of the second sensor 240 may coincide with each other.
According to the embodiment, the second mounting re-
cesses 215-1 and 215-2 may be formed near the sides
of the base 210.

[0154] The cover member 300 may be provided with
a groove in a position corresponding to the stepped por-
tion 211 of the base 210 so as to allow the injection of
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an adhesive or the like through the groove. At this point,
since the adhesive, which is injected through the groove,
has a low viscosity, the adhesive can easily infilirate be-
tween the stepped portion 211 and the end surface of
the cover member 300. The adhesive, which is applied
to the groove, may fill the gap between the mating sur-
faces of the cover member 300 and the base 210 through
the groove, and thus the cover member 300 may be seal-
ingly coupled to the base 210.

[0155] The base 210 may further be provided on the
lower surface thereof with a mounting seat (not shown)
on which afilter is installed. The filter may be an infrared
screening filter. However, the embodiments are not lim-
ited thereto, and the base 210 may be provided on the
lower surface thereof with an additional sensor holder at
which afilter is disposed. The base 210 may be provided
on the lower surface thereof with a sensor substrate, on
which an image sensor is mounted so as to constitute a
camera module.

[0156] The plurality of support members 220 may be
disposed at the second side portions 142 of the housing
140. As described above, when the housing 140 has, for
example, a polygonal shape when viewed in a plan view,
the housing 140 may have a plurality of second side por-
tions 142. If the interior of the lower end of the housing
140 has an octagonal shape, the plurality of support
members 220 may be disposed at four second side por-
tions 142, among the eight side portions. For example,
each of the four second side portions 142 may be pro-
vided with two support members 220, and a total of eight
support members 220 may thus be provided.

[0157] Alternatively, among the four second side por-
tions 142 of the housing 140, each of two second side
portions 142 may be provided with only one support
member 220, and each of the other two second side por-
tions 142 may be provided with two support members
220, with the result that a total of six support members
220 may be provided.

[0158] As described above, the support members 220
may serve as the paths for transmitting the power re-
quired for the first sensor 170 and the first coil 120 and
the paths for providing the printed circuit board 250 with
the feedback signals output from the first sensor 170.
[0159] Furthermore, since the support members 220
serve to return the housing 140 to its usual position after
the housing 140 has moved in the second and/or third
directions in the first lens moving unit, when the same
number of support members 220 are symmetrically dis-
posed in the diagonal direction, the elastic coefficient
may be balanced. Specifically, when the housing 140
moves in the second and/or third directions in the plane
perpendicular to the optical axis direction, the support
members 220 may be finely deformed in the direction in
which the housing 140 moves or in the length direction
of the support members 220. Here, the term "length di-
rection" may refer to the direction connecting the upper
end and lower end of each wire of the support members
220. Accordingly, the housing 140 can move only in the
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second and/or third directions, which are substantially
perpendicular to the optical axis, with almost no displace-
ment in the first direction, which is parallel to the optical
axis, thus improving the accuracy of handshake correc-
tion. This may be obtained by the characteristic whereby
the support members 220 are capable of being stretched.
[0160] AsshowninFIG. 12, the four first to fourth sup-
port members 220-1, 220-2, 220-3 and 220-4, each of
which includes a pair of support members, are disposed
two at each of four second side portions 142 among the
eight side portions so as to support the housing 140 in
the state of being spaced apart from the base 210 by a
predetermined distance.

[0161] The first to fourth support members 220-1,
220-2, 220-3 and 220-4 according to the embodiment
may be respectively disposed at the second side portions
142 of the housing 140 so as to be symmetrical with one
another. However, the embodiments are not limited
thereto. In other words, the shape and number of the
plurality of support members 220 may be set to be sym-
metrical to one another in the second and third directions,
which are perpendicular to the first direction. In consid-
eration of the above-mentioned elastic coefficient, the
number of support members 220 may be eight.

[0162] Although the support members 220 have been
described as being embodied as suspension wires with-
out a predetermined pattern in the above embodiment,
the embodiments are not limited thereto. According to
another embodiment, the support members 200 may be
embodied as support plates having elastic deformation
portions (not shown).

[0163] Referring to FIG. 14, the second coil 230 may
include fifth through holes 230a, which are formed
through the corner regions of a circuit member 231. The
support members 220 may extend through the fifth
through holes 230a and may be connected to the printed
circuit board 250.

[0164] The support member 220 may be fitted into the
fifth through hole 230a, and may be securely coupled to
the second coil 230 by means of soldering, a conductive
adhesive or the like. As described above, the support
member 220 may be securely coupled to the printed cir-
cuit board 250.

[0165] The second coil 230 may be disposed to face
the magnet 130 secured to the housing 140. Forexample,
the second coil 230 may be disposed outside the magnet
130. Alternatively, the second coil 230 may be disposed
under the magnet 130 so as to be spaced apart from the
magnet 130 by a predetermined distance.

[0166] Accordingtothe embodiment, although the sec-
ond coil 230 may include a total of four second coils,
which are disposed at the four sides of the printed circuit
board 250, as shown in FIG. 14, the embodiments are
not limited thereto. Only two coils 230, namely, a second
coil for the second direction and a second coil for the
third direction, may be provided, or four or more second
coils 230 may also be provided. According to the embod-
iment, a circuit pattern may be formed on the printed cir-
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cuit board 250 so as to have the shape of the second coil
230, and an additional second coil 230 may be disposed
on the printed circuit board 250. However, the embodi-
ments are not limited thereto, and only the second coil
230 may be disposed on the printed circuit board 250
without forming the circuit pattern having the shape of
the second coil 230 on the printed circuit board 250. Al-
ternatively, the second coil 230, which is constituted by
winding a wire into a doughnut shape or which is consti-
tuted by a finely patterned coil, may be conductively con-
nected to the printed circuit board 250.

[0167] The circuit member 231 including the second
coil 230 may be mounted on the printed circuit board 250
disposed over the base 210. However, the embodiments
are not limited thereto, and the second coil 230 may be
closely disposed on the base, or may be spaced apart
from the base 210 by a predetermined distance. Further-
more, the second coil 230 may be formed on an additional
substrate, and the substrate may be layered on the print-
ed circuit board 250 and may be connected thereto.
[0168] As described above, the housing 140 may be
moved in the second and/or third directions by the inter-
action of the magnets 130, which are disposed to face
each other, and the second coil 230, thus implementing
handshake correction. To this end, the first to fourth sup-
port members 220 may support the housing 140 with
respect to the base 210 such that the housing 140 can
move in the second and/or third directions, which are
perpendicular to the first direction.

[0169] The second sensors 240 may detect displace-
ment of the first lens moving unit with respect to the base
210 in the second and/or third directions, which are per-
pendicular to the optical axis. To this end, the second
sensors 240 may be disposed at the center of the second
coil 230 by a predetermined distance in the first direction,
with the printed circuit board 250 disposed therebetween
so as to detect movement of the housing 140. In other
words, the second sensors 240 are not directly connect-
ed to the second coil 230, and the printed circuit board
250 may be provided on the upper surface thereof with
the second coil 230 and on the lower surface thereof with
the second sensors 240. According to the embodiment,
the second sensors 240, the second coil 230 and the
magnet 130 may be disposed on the same axis.

[0170] The second sensors 240 may be embodied as
Hall sensors, but may alternatively be embodied as any
sensor as long as it is capable of detecting variation in
magnetic force. As shownin FIG. 14, two second sensors
240 may be disposed near the sides of the base 210
disposed under the printed circuit board 250, and may
be fitted in the second mounting recesses 215-1 and
215-2 formed in the base 210.

[0171] The printed circuit board 250 may include sixth
through holes 250a1 and 250a2 through which the sup-
port members 220 extend. The support members 220
may extend through the sixth through holes 250a1 and
250a2 in the printed circuit board 250 and may be con-
ductively connected to the associated circuit patterns,
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which may be disposed on the lower surface of the printed
circuit board 250, via soldering.

[0172] The printed circuit board 250 may further in-
clude seventh through holes 250b. The second upper
support protrusions 217 of the base 210 and the seventh
through holes 250b may be coupled as shown in FIG.
14, and may be secured to each other through thermal
fusion or by means of an adhesive such as epoxy.
[0173] The printed circuit board 250 may include a plu-
rality of terminals 251. The printed circuit board 250 may
be provided with the bent terminal pad 253. According
to the embodiment, the one bent terminal pad 253 of the
printed circuit board 250 may be provided with at least
one terminal 251.

[0174] According to the embodiment, the plurality of
terminals 251 provided on the terminal pad 253 may re-
ceive external power, and may supply the power to the
first and second coils 120 and 130 and the first and sec-
ond sensors 170 and 240. Furthermore, the plurality of
terminals 251 may output the feedback signals, output
from the first sensor 170, to the outside. The number of
terminals 251 provided on the terminal pad 252 may be
increased or decreased depending on the kinds of com-
ponents to be controlled.

[0175] According to the embodiment, although the
printed circuit board 250 may be embodied as an FPCB,
the embodiments are not limited thereto. The terminals
of the printed circuit board 250 may be directly formed
on the base 210 through a process of forming a surface
electrode.

[0176] As described above, the printed circuit board
250 may supply power (or current) required for the first
coil 120 and the first sensor 170, and may receive the
feedback signals from the first sensor 170 so as to adjust
the displacement of the bobbin 110.

[0177] By virtue of the above-described construction,
the respective autofocusing and handshake correction
operations of the first and second lens moving units may
be realized by sharing the magnet 130.

[0178] In the lens moving apparatus according to the
embodiments, the first sensor 170 may be disposed, cou-
pled or mounted on the housing 140 or the bobbin 110,
and the autofocusing magnet 130 may be shared as the
detecting magnet, or the detecting magnet may be addi-
tionally disposed. If the autofocusing magnet 130 is
shared as the detecting magnet, or the detecting magnet
is positioned so as not to interact with the autofocusing
magnet 130, the detecting magnet does not affect the
autofocusing magnet 130. Consequently, tilting of the
bobbin 110 does not occur, and the accuracy of the feed-
back signal is improved. Furthermore, the number of
components is notincreased, and the weight of the hous-
ing 140 is reduced, thus improving responsiveness. Of
course, the autofocusing magnet and the handshake cor-
rection magnet may be independently constructed.
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Second Embodiment

[0179] FIG. 15 is a perspective view showing a lens
moving apparatus according to a second embodiment of
the presentinvention. FIG. 16 is an exploded perspective
view showing the lens moving apparatus according to
the second embodiment.

[0180] As shown in FIGs. 15 and 16, the lens moving
apparatus according to this embodiment may include a
movable unit. The movable unit may fulfill the functions
of autofocusing and handshake correction of a lens. The
movable unit may include a bobbin 110, a first coil 120,
afirst magnet 130, a housing 140, an upper elastic mem-
ber 150 and a lower elastic member 160.

[0181] The bobbin 110 may be provided in the housing
300, and the first coil 120, which is disposed inside the
first magnet 130, may be provided on the outer circum-
ferential surface of the bobbin 110. The bobbin 110 may
be reciprocated in the first direction in the internal space
of the housing 140 by electromagnetic interaction be-
tween the first magnet 130 and the first coil 120. The first
coil 120 is provided on the outer circumferential surface
of the bobbin 110 so as to undergo electromagnetic in-
teraction with the first magnet 130.

[0182] The bobbin 110 is moved in the first direction in
the state of being elastically supported by the upper and
lower elastic members 150 and 160, thereby fulfilling the
autofocusing function.

[0183] The bobbin 110 may include a lens barrel (not
shown) in which at least one lens is mounted. The lens
barrel may be coupled to the inside of the bobbin 110 in
various manners.

[0184] The autofocusing function may be controlled by
the direction of electric current, and may be fulfilled by
moving the bobbin 110 in the first direction. For example,
the bobbin 110 may move upward from its initial position
upon the application of forward current, whereas the bob-
bin 110 may move downward from its initial position upon
the application of reverse current. In addition, the dis-
tance that the bobbin 110 moves from its initial position
in one direction may be increased or decreased by con-
trolling the amount of current flowing in the corresponding
direction.

[0185] The bobbin 110 may be provided at upper and
lower surfaces thereof with a plurality of upper support
protrusions and a plurality of lower support protrusions.
The upper support protrusions may be configured to have
a cylindrical shape or a polygonal column shape so as
to secure the upper elastic member 150. The lower sup-
port protrusions may be configured to have a cylindrical
shape or a polygonal column shape so as to secure the
lower elastic member 160.

[0186] The upper elastic member 150 may have
through holes corresponding to the upper support pro-
trusions, and the lower elastic member 160 may have
through holes corresponding to the lower support protru-
sions. The respective support protrusions and the re-
spective through holes may be securely coupled to each
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other by means of thermal fusion or an adhesive such
as epoxy.

[0187] The housing 140 may have a hollow column
shape for supporting the first magnet 130, and may be
configured to have an approximately rectangular shape.
The housing 140 may be provided at a lateral side thereof
with the first magnet 130 and support members 220 cou-
pled thereto. As in the first embodiment, the housing 140
may be provided on the inner surface thereof with the
bobbin 110, which is guided by the housing 140 and is
moved in the first direction.

[0188] The upper elastic member 150 and the lower
elastic member 160 may each be coupled to both the
housing 140 and the bobbin 110, and may elastically sup-
port upward and/or downward movement of the bobbin
110 in the first direction. The upper and lower elastic
members 150 and 160 may be constituted by a leaf
spring.

[0189] As showninFIG. 16, the upper elastic member
150 may include a plurality of upper elastic members,
which are separated from each other. By virtue of this
multiply-segmented structure, the respective segments
of the upper elastic member 150 may receive current
having different polarities or different powers. The lower
elastic member 160 may also include a plurality of lower
elastic members, which are separated from each other,
and may be conductively connected to the upper elastic
member 150.

[0190] The upperelastic member 150, the lower elastic
member 160, the bobbin 110 and the housing 140 may
be assembled to one another through thermal fusion
and/or bonding using an adhesive or the like. Here, the
assembly may be performed in such a manner as to per-
form thermal fusion first, followed by abonding procedure
using an adhesive, depending on the assembly se-
quence.

[0191] The base 210, which is configured to have an
approximately rectangular shape, may be disposed un-
der the bobbin 110, and a printed circuit board 250 may
be mounted on the base 210.

[0192] The regions of the base 210 that face terminal
members 253 of the printed circuit board 250 may be
provided with respective support recesses having a size
corresponding to that of the terminal members 253. The
support recesses may be recessed from the outer cir-
cumferential surfaces of the base 210 by a predeter-
mined depth such that the terminal members 253 do not
protrude outward from the outer circumferential surface
of the base 210 or such that the extent to which the ter-
minal members 253 protrude can be controlled.

[0193] The support members 220 are disposed on lat-
eral sides of the housing 140 such that the upper sides
of the support members 220 are coupled to the housing
140 and the lower sides of the support members 220 are
coupled to the base 210. The support members 220 may
support the bobbin 110 and the housing 140 in such a
manner as to allow the bobbin 110 and the housing 140
to move in the second and third directions, perpendicular
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to the first direction. The support members 220 may be
conductively connected to the first coil 120.

[0194] Since the support members 220 according to
the embodiment are disposed on the outer surfaces of
the respective corners of the housing 140, a total of four
support members 220 may be disposed. The support
members 220 may be conductively connected to the up-
per elastic member 150. Specifically, the support mem-
bers 220 may be conductively connected to regions
around the through holes.

[0195] Since the support members 220 are made of a
different material from that of the upper elastic member
150, the support members 220 may be conductively con-
nected to the upper elastic member 150 by means of a
conductive adhesive, solder or the like. Consequently,
the upper elastic member 150 may apply current to the
first coil 120 through the support members 220 conduc-
tively connected thereto.

[0196] Although the supportmembers 220 are illustrat-
ed in FIG. 16 as being embodied as linear support mem-
bers according to the embodiment, the support members
220 are not limited thereto. In other words, the support
members 220 may be configured to have a plate shape
or the like.

[0197] Second coils 230 may move the housing 140 in
the second and/or third directions to perform the hand-
shake correction by virtue of electromagnetic interaction
with the first magnets 130. Accordingly, the first magnets
130 are required to be disposed at positions correspond-
ing to the second coils 230.

[0198] The second coils 230 may be disposed so as
to face the first magnets 130, which are secured to the
housing 140. In one embodiment, the second coils 230
may be disposed outside the first magnets 130, or may
be disposed under the first magnets 130 so as to be
spaced apart from the first magnets 130 by a predeter-
mined distance.

[0199] Although a total of four second coils 230 may
be disposed one on each side of a circuit member 231
according to the embodiment, the disclosure is notlimited
thereto. Only two second coils 230, that is, one second
coil formovementin the second direction and one second
coil for movement in the third direction, may be provided,
or a total of more than four second coils 230 may be
provided.

[0200] In the embodiment, although circuit patterns
having the shape of the second coils 230 are formed on
the circuit member 231 and additional second coils are
disposed on the circuit board 231, the disclosure is not
limited thereto. Alternatively, only additional second coils
may be disposed on the circuit member 231, without
forming the circuit patterns having the shape of the sec-
ond coils 230.

[0201] Furthermore, the second coils 230, which have
been prepared by winding wires into a doughnut shape
or which have the shape of a finely patterned coil, may
be conductively connected to the printed circuit board
250.
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[0202] The circuit member 231 including the second
coils 230 may be disposed on the upper surface of the
printed circuit board 250, which is positioned over the
base 210. However, the disclosure is not limited thereto,
and the second coils 230 may be disposed on the base
210 in a state of being in close contact therewith, or may
be spaced apart from the base 210 by a predetermined
distance. In other examples, a substrate on which the
second coils are formed may be layered on the printed
circuit board 250 and connected thereto.

[0203] The printed circuit board 250 may be conduc-
tively connected to at least one of the upper elastic mem-
ber 150 and the lower elastic member 160, and may be
coupled to the upper surface of the base 210. As shown
in FIG. 16, the printed circuit board 250 may have through
holes formed at positions corresponding to the support
members 220, so as to allow the support members 220
to be fitted into the through holes.

[0204] The printed circuit board 250 may be provided
with the terminal members 253, which are formed by
bending portions of the printed circuit board 250. Refer-
ring to FIG. 21, the printed circuit board 250 according
to the embodiment includes two bent terminal members
253. Each terminal member 253 includes a plurality of
terminals 251 for the application of external power to the
terminal members 253, whereby current is supplied to
the first coil 120 and the second coils 230. The number
of terminals 251 provided on each terminal member 253
may be increased or decreased depending on the kinds
of components to be controlled. Alternatively, the number
of terminal members 253 provided on the printed circuit
board may be one or three or more.

[0205] A cover member 300, which is configured to
have an approximate box shape, may accommodate the
movable unit, the second coil 230 and a portion of the
printed circuit board 250, and may be coupled to the base
210. The cover member 300 may serve to protect the
movable unit, the second coils 230, the printed circuit
board 250 and the like, accommodated therein, from
damage, and may serve to prevent an electromagnetic
field, which is generated by the first magnets 130, the
first coil 120, the second coils 230 and the like, from leak-
ing outward, thereby concentrating the electromagnetic
field.

[0206] FIG. 17 is a perspective view showing some of
the components of the lens moving apparatus according
to the second embodiment. FIG. 18 is a perspective view
of FIG. 17, from which the bobbin 110 and the first coil
120 have been removed. As shown in FIGs. 17 and 18,
each of the upper and lower elastic members 150 and
160 may be divided into multiple segments.

[0207] For example, the upper elastic member 150
may include a first upper elastic member 150-1, a second
upper elastic member 150-2, a third upper elastic mem-
ber 150-3 and a fourth upper elastic member 150-4,
which are separated from one another and are conduc-
tively connected to the printed circuit board 250.

[0208] The upper elastic member 150 may further in-
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clude afifth upper elastic member 150-5 and a sixth upper
elastic member 150-6, which are separated from each
other and are conductively connected to the lower elastic
member 160. Here, the respective upper elastic mem-
bers 150 may be conductively isolated from one another
so as to receive current having different polarities.
[0209] The lower elastic member 160 may include a
firstlower elastic member 160-1 and a second lower elas-
tic member 160-2, which are separated from each other.
Here, the first lower elastic member 160-1 may be con-
ductively connected to the sixth upper elastic member
150-6, and the second lower elastic member 160-2 may
be conductively connected to the fifth upper elastic mem-
ber 150-5.

[0210] The upper elastic member 150 and the lower
elastic member 160 may be conductively connected to
each other via a conductive member 400. The conductive
member 400 may include a first conductive member
400-1, which connects one of the fifth upper elastic mem-
ber 150-5 and the sixth upper elastic member 150-6 and
one of the first lower elastic member 160-1 and the sec-
ond lower elastic member 160-2.

[0211] The conductive member 400 may further in-
clude a second conductive member 400-2, which con-
nects the other of the fifth upper elastic member 150-5
and the sixth upper elastic member 150-6 and the other
of the first lower elastic member 160-1 and the second
lower elastic member 160-2.

[0212] Asshownin FIGs. 17 and 18, by way of exam-
ple, the first conductive member 400-1 conductively con-
nects the sixth upper elastic member 150-6 and the first
lower elastic member 160-1, and the second conductive
member 400-2 conductively connects the fifth upperelas-
tic member 150-5 and the second lower elastic member
160-2.

[0213] Each of the fifth upper elastic member 150-5
and the sixth upper elastic member 150-6 may include a
first protruding frame 155, which is connected to the con-
ductive member 400. Each of the first lower elastic mem-
ber 160-1 and the second lower elastic member 160-2
may include a second protruding frame 165, which is
formed at a position corresponding to the first protruding
frame 155 in the first direction and which is connected to
the conductive member 400.

[0214] The first protruding frame 155, the second pro-
truding frame 165 and the conductive member 400 may
be securely coupled to one another by means of solder-
ing, a conductive adhesive or the like. In order to ensure
secure coupling between the first and second protruding
frames 155 and 165 and the conductive member 400 and
to facilitate the coupling work, each of the firstand second
protruding frames 155 and 165 may be provided with a
hole or recess into which the conductive member 400 is
fitted.

[0215] The conductive member400 is preferably made
of a flexible or elastic material such that the conductive
member 400 flexes in the direction perpendicular to the
length direction thereof when the bobbin 110 moves in
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the second and/or third directions.

[0216] The support members 220 may support the
housing 300 such that the housing 300 is able to move
with respect to the base 210 in the second and/or third
directions, and may conductively connect at least one of
the upper and lower elastic members 150 and 160 and
the printed circuit board 250. The support member 220
may be integrally formed with two conductive wires 221.
[0217] The supportmember220may include a plurality
of support members. The plurality of support members
220 may be symmetrically disposed in the second and
third directions. The specific structure of the support
member 220 will now be described below.

[0218] FIG. 19A s a perspective view of the area A of
FIGs. 17 and 18. FIG. 19B is a view showing the support
member 220 according to an embodiment of the present
invention. FIG. 19C is a view showing the support mem-
ber 220 according to another embodiment of the present
invention.

[0219] The support member 220 may include a first
supportmember 220-1, at which the two conductive wires
221 are connected to one ofthe first to fourth upper elastic
members 150-1, 150-2, 150-3 and 150-4. As shown in
FIG. 19A, the first support member 220-1 may be con-
nected to, for example, the first upper elastic member
150-1 or the third upper elastic member 150-3, which is
directly connected to the printed circuit board 250 in a
conductive manner.

[0220] Referringstillto FIG. 19A, the first support mem-
ber 220-1 may include an electrical insulation coating
member 222 sheathing the two conductive wires 221,
and the two conductive wires 221 may be conductively
isolated from each other by means of the electrical insu-
lation coating member 222.

[0221] Thecoating member 222 servesto conductively
isolate the two conductive wires 221 and serves as a
damper. Accordingly, when the first support member
220-1 is bent in the second and/or third directions during
a handshake correction operation, the coating member
222 may alleviate impacts to which the conductive wires
221 and the first support member 220-1 including the
conductive wires 221 are subjected.

[0222] As described above, the first support member
220-1 and the first upper elastic member 150-1 or the
third upper elastic member 150-3 may be conductively
connected to each other by means of a conductive ad-
hesive, solder, or the like.

[0223] Alternatively, the first support member 220-1
may be constructed such that the two conductive wires
221 are conductively shorted. This is because, when one
end of the first support member 220-1 is connected to
one of the upper elastic members 150, for example, the
first upper elastic member 150-1 or the third upper elastic
member 150-3 in the embodiment, there is no problem
even if the two conductive wires 221 are conductively
shorted.

[0224] AsshowninFIG. 19B, the first support member
220-1 may be constructed, for example, such that the
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two conductive wires 221 are twisted in the length direc-
tion thereof and are thus shorted.

[0225] Since the first support member 220-1 serves to
elastically support movement of the housing 300 and the
bobbin 110 in the second and/or third directions, like the
upper elastic member 150 or the lower elastic member
160, the first support member 220-1 may need to have
elasticity.

[0226] In this case, in consideration of performance
and the operating characteristics of handshake correc-
tion of the lens moving apparatus, it is preferable to en-
able the elasticity of the first support member 220-1 to
be controlled.

[0227] Accordingly, in the case in which the first sup-
port member 220-1 contains the two conductive wires
221, which are twisted, the elasticity of the first support
member 220-1 may be controlled in such a manner as
to control the extent of twisting of the two conductive wires
221, that is, the number of turns by which the two con-
ductive wires 221 are twisted about the longitudinal axis.
[0228] Furthermore, it is possible to control the vibra-
tional frequency in the second and/or third directions of
the support member 220 during a handshake correction
operation by controlling the elasticity of the first support
member 220-1, anditis also possible to avoid mechanical
resonance or reduce the maximum amplitude caused by
the mechanical resonance by controlling the vibrational
frequency.

[0229] Furthermore, itis possible to control the rigidity
ofthefirst support member 220-1 by controlling the extent
of twisting of the two conductive wires 221.

[0230] Resistance of the conductive wires 221 is in-
versely proportional to the cross-sectional area thereof.
Accordingly, when the two conductive wires 221 are con-
ductively shorted, the total area of the conductive wires
221 is two times the area of a single wire, and the resist-
ance of the conductive wires, which are shorted, decreas-
es by half, compared to the resistance of conductive wires
that are not shorted.

[0231] By virtue of the halving of the resistance, the
amount of current that is consumed to perform hand-
shake correction may be reduced. In other words, the
reduction of resistance enables the amount of current
required to perform handshake correction to be in-
creased.

[0232] By virtue of the increased amount of current,
the range of motion within which the support member
220 can move in the second and/or third directions for
handshake correction may be increased. This is because
the amount of current that flows through the support
member 220 is proportional to the range of motion of the
support member 220 in the second and/or third direction.
[0233] As shown in FIG. 19C, for example, the first
support member 220-1 may be constructed such that the
two conductive wires 221 are twisted in the length direc-
tion thereof so as to be shorted. The first support member
220-1 may include the electrical insulation coating mem-
ber 222 sheathing the two conductive wires 221.
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[0234] Accordingly, this embodiment may exhibit an
effect which is obtained by the coating member 222
shown in FIG. 19A and an effect which is obtained by the
two conductive wires 221, shown in FIG. 19B, which are
twisted in the length direction thereof so as to be shorted.
[0235] FIG.20Ais aperspective view showing the area
B of FIG. 18. FIG. 20B is a view showing the support
member 220 according to another embodiment.

[0236] The support member 220 according to another
embodiment may include a second support member
220-2 in which one of the two conductive wires 221 is
connected to one of the first upper elastic member 150-1,
the second upper elastic member 150-2, the third upper
elastic member 150-3 and the fourth upper elastic mem-
ber 150-4, and the other of the two conductive wires 221
is connected to one of the fifth upper elastic member
150-5 and the sixth upper elastic member 150-6.
[0237] As shown in FIGs. 20A and 20B, the second
support member 220-2 may be constructed, for example,
such that one of the two conductive wires 221 is connect-
ed to the second upper elastic member 150-2, and the
other of the two conductive wires 221 is connected to the
fifth upper elastic member 150-5. Here, the second upper
elastic member 150-2 and the fifth upper elastic member
150-5 may be disposed in the state of being conductively
isolated from each other.

[0238] Furthermore, the second support member
220-2 may be constructed such that one of the two con-
ductive wires 221 is connected to the fourth upper elastic
member 150-4 and such that the other of the two con-
ductive wires 221 is connected to the sixth upper elastic
member 150-6. Here, the fourth upper elastic member
150-4 and the sixth upper elastic member 150-6 may be
disposed in the state of being conductively isolated from
each other.

[0239] Thesecond supportmember220-2 mayinclude
the electrical insulation coating member 222 sheathing
the two conductive wires 221, and the two conductive
wires 221 may be conductively isolated from each other
by means of the coating member 222. One of the fifth
upper elastic member 150-5 and the sixth upper elastic
member 150-6 may be separated from the other, and
may be conductively connected to the other via the sec-
ond support member 220-2.

[0240] Accordingly, there is a need to dispose the fifth
upper elastic member 150-5 and the sixth upper elastic
member 150-6 such that one of the fifth upper elastic
member 150-5 and the sixth upper elastic member 150-6
is not in direct contact with the other. To this end, a pro-
jecting insulator 222a may be provided at the upper end
of the second support member 220-2 where the upper
elastic members 150 are connected to the second sup-
port member 220-2.

[0241] As shown in FIG. 20B, the projecting insulator
222a may be formed by projecting a portion of the coating
member 222 of one end of the second support member
220-2, and may be disposed between the two conductive
wires 221. The projecting insulator 222a may serve to



39 EP 3 021 158 B1 40

space the upper elastic members 150 apart from each
other so as to conductively isolate them from each other.
[0242] When one of the two conductive wires 221 of
the second support member 220-2 is connected to one
of the fifth upper elastic member 150-5 and the sixth up-
per elastic member 150-6, and the other of the two con-
ductive wires 221 is connected to the other of the fifth
upper elastic member 150-5 and the sixth upper elastic
member 150-6, the projecting insulator 222a may be dis-
posed between the adjacent fifth and sixth upper elastic
members 150-5 and 150-6 so as to space the adjacent
fifth and sixth upper elastic members 150-5 and 150-6
apart from each other by a predetermined distance.
[0243] By virtue of the projecting insulator 222a having
such a structure, the fifth upper elastic member 150-5
and the sixth upper elastic member 150-6 are positioned
close to each other in the state of being separated from
each other, thereby preventing the occurrence of shorts
between the fifth upper elastic member 150-5 and the
sixth upper elastic member 150-6.

[0244] Like the coating member 222 of the first support
member 220-1, the coating member 222 of the second
support member 220-2 may serve to conductively insu-
late the two conductive wires 221 from each other, and
may serve as a damper. Accordingly, when the second
support member 220-2 is bent in the second and/or third
directions during a handshake correction operation, the
coating member 222 may alleviate impacts to which the
conductive wires 221 and the second support member
220-2 including the conductive wires 221 are subjected.
[0245] Like the first support member, the second sup-
port member 220-2 may be conductively connected to
the upper elastic member 150 by means of a conductive
adhesive, solder or the like.

[0246] FIG.21isa planview of FIG. 18. FIGs. 22A and
22B are plan views showing the area A of FIG. 21. FIG.
23 is a plan view showing the area B of FIG. 21.

[0247] As shown in FIG. 21, according to the embod-
iment, the first support member 220-1 may be connected
to the first upper elastic member 150-1 or the third upper
elastic member 150-3. Accordingly, a total of two first
support members 220-1 may be provided in the embod-
iment.

[0248] According to the embodiment, one of the two
conductive wires 221 of the second support member
220-2 may be connected to the second upper elastic
member 150-2, and the other of the two conductive wires
221 may be connected to the fifth upper elastic member
150-5. One of the two conductive wires 221 of the second
support member 220-2 may be connected to the fourth
upper elastic member 150-4, and the other of the two
conductive wires 221 may be connected to the sixth up-
per elastic member 150-6. Accordingly, a total of two sec-
ond support members 220-2 may be provided in the em-
bodiment.

[0249] Ultimately, a total of four support members 220
including the two first support members 220-1 and the
two second support members 220-2, may be provided in
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the embodiment.

[0250] As shown in FIG. 22A, in one embodiment, the
upper end of the first support member 220-1 may be con-
ductively connected to one of the first upper elastic mem-
ber 150-1 and the second upper elastic member 150-2.
[0251] Although the support member 220 is illustrated
in FIG. 22A as having an approximately elliptical cross-
sectional shape, the embodiments are notlimited thereto.
The support member 220 may have various other cross-
sectional shapes, such as a circular shape or a polygonal
shape.

[0252] As shownin FIG. 22B, another embodiment of
the first support member 220-1 may include the two con-
ductive wires 221, which are twisted, without the coating
member 222, as described above with reference to FIG.
19B.

[0253] In this embodiment, although the first support
member 220-1 does not include the coating member 222,
the upper end of the first support member 220-1 may be
connected to the first upper elastic member 150-1 or the
second upper elastic member 150-2 via the two conduc-
tive wires 221, as in the embodiment shown in FIG. 8.
[0254] As shown in FIG. 23, in one embodiment, the
second support member 220-2 may be connected at the
upper end thereof to the second upper elastic member
150-2 and the fifth upper elastic member 150-5. Here,
one of the conductive wires contained in the second sup-
port member 220-2 may be connected to the second up-
per elasticmember 150-2, and the other of the conductive
wires may be connected to the fifth upper elastic member
150-5.

[0255] The upper end of the second support member
220-2 may be connected to the fourth upper elastic mem-
ber 150-4 and the sixth upper elastic member 150-6. One
of the conductive wires contained in the second support
member 220-2 may be connected to the fourth upper
elastic member 150-4, and the other of the conductive
wires may be connected to the sixth upper elastic mem-
ber 150-6.

[0256] As in the preceding embodiment, although the
second support member 220-2 is illustrated in FIG. 23
as having an approximately elliptical cross-sectional
shape, the embodiments are not limited thereto. The sec-
ond support member 220-2 may have various other
cross-sectional shapes, such as a circular shape or a
polygonal shape.

[0257] The projecting insulator 222a may be disposed,
for example, between the second upper elastic member
150-2 and the fifth upper elastic member 150-5, or be-
tween the fourth upper elastic member 150-4 and the
sixth upper elastic member 150-6 such that the adjacent
upper elastic members are spaced apart from each other
by a predetermined distance without contact therebe-
tween, and are conductively isolated from each other.
[0258] The coating member 222 sheathingthe conduc-
tive wires 221 or the projecting insulator 222a formed on
the coating member 222 may be made of any material
that is electrically insulative. For example, in considera-
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tion of ease of manufacture, the cost of manufacturing
the support member 220 and the like, the coating member
222 or the projecting insulator 222a may be made of a
polymer-based material.

[0259] The lens moving apparatus according to this
embodiment may be incorporated in devices in various
fields, for example, a camera module. Such a camera
module may be applied to mobile devices such as cellular
phones.

[0260] The camera module according to this embodi-
ment may include the lens barrel coupled to the bobbin
110, animage sensor (not shown), a printed circuit board
250, and an optical system.

[0261] The lens barrel may be constructed as de-
scribed above, and the printed circuit board 250 may con-
stitute the bottom surface of the camera module, starting
from the area on which the image sensor is mounted.
[0262] The optical system mayinclude atleastonelens
for transmitting images to the image sensor. The optical
system may be provided with an actuator module capable
of fulfilling autofocusing and handshake correction func-
tions. The actuator module for fulfilling the autofocusing
function may be constructed in various fashions, but
mainly adopts a voice coil unit motor. The lens moving
apparatus according to this embodiment may serve as
an actuator module for fulfilling both autofocusing and
handshake correction functions.

[0263] The camera module may further include an in-
frared ray screening filter (not shown). The infrared ray
screening filter serves to shield the image sensor from
light in the infrared range. In this case, the base 210,
which is illustrated in FIG. 2, may be provided with the
infrared ray screening filter at a position corresponding
to the image sensor, and the infrared ray screening filter
may be coupled to the base 210 by means of a holder
member (not shown). Furthermore, the base 210 may
support the lower portion of the holder member.

[0264] The base 210 may be provided with an addi-
tional terminal member for connection with the printed
circuit board 250, and the terminal member may be inte-
grally formed using a surface electrode. The base 210
may serve as a sensor holder for protecting the image
sensor. In this case, although the base 210 may be pro-
vided along the lateral side surface thereof with protru-
sions projecting downward, these are not essential com-
ponents. Although not shown in the drawings, an addi-
tional sensor holder disposed under the base 210 may
fulfill the function of the protrusions.

[0265] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope
of the principles of this disclosure. More particularly, var-
ious variations and modifications are possible in the com-
ponent parts and/or arrangements of the subject combi-
nation arrangement within the scope of the disclosure,
the drawings. The invention is defined in the appended
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claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses
will also be apparent to those skilled in the art.

Claims
1. A lens moving apparatus comprising:

a bobbin (110) including a first coil (120);

a first magnet (130) disposed to face the first
coil (120);

a housing (140) for supporting the first magnet
(130);

upper and lower elastic members (150, 160)
each coupled to both the bobbin (110) and the
housing (140);

a base (210) disposed to be spaced apart from
the housing (140);

a second coil (230) disposed to face the first
magnet (130);

a printed circuitboard (250) on which the second
coil (230) is mounted; and

a plurality of support members (220) , which
support the housing (140) such that the housing
(140) is movable in second and/or third direc-
tions and which conductively connect at least
one of the upper and lower elastic members
(150, 160) to the printed circuit board (250);
characterized in that each of the plurality of
support members (220) is integrated with two
conductive wires (221), and wherein each of the
plurality of support members (220)

includes an electrical insulating coating member
(222), which sheathes the two conductive wires
(221).

2. Thelens moving apparatus according to claim 1, fur-
ther comprising a conductive member (154, 400) for
conductively connecting the upper and lower elastic
members (150,160), wherein the upper elastic mem-
ber (150) includes four first to fourth upper elastic
members (150-1 to 150-4), which are separated from
one another, and the conductive member (154) in-
cludes atleast two conductive members (154), which
are conductively connected to the two separated up-
per elastic members, respectively.

3. The lens moving apparatus according to claim 2,
wherein each of the first to fourth upper elastic mem-
bers (150-1 to 150-4) comprises:

a first inner frame (151) coupled to the bobbin
(110);

afirst outer frame (152a) coupled to the housing
(140) and connected to one of the support mem-
bers (150-1 to 150-4); and

afirst frame connector (153) connecting the first
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innerframe (151) and the firstouter frame (152a)

The lens moving apparatus according to claim 2,
wherein a first length (L1), that is, a length of the
conductive member (154), which is a distance be-
tween a lower surface of the upper elastic member
(150) and an upper surface of the lower elastic mem-
ber (160), is shorter than a second length (L2), that
is, a length of the support members (220), which is
a distance between the lower surface of the upper
elastic member (150) and an upper surface of the
printed circuit board (250).

The lens moving apparatus according to claim 1 or
4, further comprising afirst sensor (170) for detecting
displacement of the bobbin (110) in a first direction,
wherein the upper elastic member (150) includes
four first to fourth upper elastic members (150-1 to
150-4), which are separated from one another, and
the first sensor is connected to the plurality of support
members (220) through the first to fourth upper elas-
tic members,

wherein the lower elastic member (160) includes two
first and second lower elastic members (160-1,
160-2), which are separated from each other, and
the first coil (120) is connected to the plurality of sup-
portmembers (220) through the firstand second low-
er elastic members (160-1, 160-2).

The lens moving apparatus according to any of
claims 1 to 4, further comprising:

a first sensor (170) for detecting displacement
of the bobbin (110) in a first direction; and

a second magnet disposed to face the first sen-
sor (170), wherein the first and second magnets
are integrated with each other or are separated
from each other.

The lens moving apparatus according to claim 1,
wherein shapes and a number of the plurality of sup-
port members (220) have shapes that are symmet-
rical based on the second and third directions.

The lens moving apparatus according to claim 6,
wherein the lower elastic member (160) includes at
least four first to fourth lower elastic members, which
are separated from one another, and the first sensor
(170) is connected to the plurality of support mem-
bers through the first to fourth lower elastic members.

The lens moving apparatus according to claim 2,
wherein the upper elastic member (150) includes first
to fourth upper elastic members (150-1 to 150-4),
which are separated from one another and which are
conductively connected to the printed circuit board
(250), and fifth and sixth upper elastic members
(150-5, 150-6), which are separated from each other
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and which are conductively connected to the lower
elastic member (160), wherein the first to sixth upper
elasticmembers (150-1 to 150-6) are separated from
one another.

The lens moving apparatus according to claim 9,
wherein the lower elastic member (160) includes first
and second lower elastic members (160-1, 160-2),
which are separated from each other, and the plu-
rality of support members include a first support
member (220-1) in which the two conductive wires
(221) are connected to one of the first to fourth upper
elastic members (150-1 to 150-4)

The lens moving apparatus according to claim 10,
wherein the first support member (220-1) includes
the electrical insulating coating member (222)
sheathing the two conductive wires (221) such that
the two conductive wires are conductively isolated
from each other by means of the coating member.

The lens moving apparatus according to claim 10 or
11, wherein the plurality of support members (220)
include a second support member (220-2) in which
one of the two conductive wires (221) is connected
to one of the first to fourth upper elastic members
(150-1 to 150-4), and the other of the two conductive
wires (221) is connected to one of the fifth and sixth
upper elastic members (150-5, 150-6).

The lens moving apparatus according to any of
claims 10 to 12, wherein the conductive member
(154, 400) includes a first conductive member
(400-1) connecting one of the fifth and sixth upper
elastic members (150-5, 150-6) and one of the first
and second elastic members and a second conduc-
tive member connecting a remaining one of the fifth
and sixth upper elastic members and a remaining
one of the first and second lower elastic members
(160-1, 160-2).

The lens moving apparatus according to claim 1,
wherein each of the plurality of support members
(220) includes a projecting insulator (222a) protrud-
ing from an end thereof, the projecting insulator be-
ing positioned between the two conductive wires
(221) such that adjacent upper elastic members
(150-5, 150-6) are spaced apart from each other and
are thus conductively isolated from each other.

Patentanspriiche

1.

Linsenbewegungsvorrichtung, die Folgendes um-
fasst:

eine Wicklung (110), die eine erste Spule (120)
enthélt;
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einen ersten Magneten (130), der so angeord-
net ist, dass er der ersten Spule (120) zuge-
wandt ist;

ein Gehause (140) zum Tragen des ersten Ma-
gneten (130);

ein oberes und ein unteres elastisches Element
(150, 160), wovon jedes sowohl mit der Wick-
lung (110) als auch mit dem Gehéause (140) ge-
koppelt ist;

eine Basis (210), die so angeordnet ist, dass sie
von dem Gehdause (140) beabstandet ist;

eine zweite Spule (230), die so angeordnet ist,
dass sie dem ersten Magneten (130) zugewandt
ist;

eine gedruckte Leiterplatte (250), auf der die
zweite Spule (230) montiert ist; und

mehrere Tragelemente (220), die das Gehause
(140) in der Weise tragen, dass das Gehause
(140) in einer zweiten und/oder dritten Richtung
beweglich ist, und die das obere und/oder das
untere elastische Element (150, 160) mit der ge-
druckten Leiterplatte (250) leitend verbinden;
dadurch gekennzeichnet, dass jedes der
mehreren Tragelemente (220) mit zwei leiten-
den Drahten (221) einteilig ausgebildet ist, wo-
bei jedes der mehreren Tragelemente (220) ein
elektrisch isolierendes Beschichtungselement
(222) aufweist, das die beiden leitenden Drahte
(221) umhdillt.

Linsenbewegungsvorrichtung nach Anspruch 1, die
ferner ein leitendes Element (154, 400) umfasst, um
das obere und das untere elastische Element (150,
160) leitend zu verbinden,

wobei das obere elastische Element (150) vier erste
bis vierte obere elastische Elemente (150-1 bis
150-4) enthalt, die voneinander getrennt sind, und
das leitende Element (154) wenigstens zwei leitende
Elemente (154) enthalt, die mitden beiden jeweiligen
getrennten oberen elastischen Elementen leitend
verbunden sind.

Linsenbewegungsvorrichtung nach Anspruch 2, wo-
bei jedes der ersten bis vierten oberen elastischen
Elemente (150-1 bis 150-4) Folgendes umfasst:

einen ersten inneren Rahmen (151), der mit der
Wicklung (110) gekoppelt ist;

einen ersten duReren Rahmen (152a), der mit
dem Gehéause (140) gekoppelt ist und mit einem
der Tragelemente (150-1 bis 150-4) verbunden
ist; und

einen ersten Rahmenverbinder (153), der den
ersten inneren Rahmen (151) und den ersten
auleren Rahmen (152a) verbindet.

Linsenbewegungsvorrichtung nach Anspruch 2, wo-
bei eine erste Lange (L1), die eine Lange des leiten-
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den Elements (154) ist, eine Entfernung zwischen
einer unteren Oberflaiche des oberen elastischen
Elements (150) und einer oberen Oberflache des un-
teren elastischen Elements (160) ist, die kirzer ist
als eine zweite Lange (L2), d. h. eine Lange des Tra-
gelements (220), die eine Entfernung zwischen der
unteren Oberflaiche des oberen elastischen Ele-
ments (150) und einer oberen Oberflache der ge-
druckten Leiterplatte (250) ist.

Linsenbewegungsvorrichtung nach Anspruch 1 oder
4, die ferner einen ersten Sensor (170) zum Detek-
tieren einer Verlagerung der Wicklung (110) in einer
ersten Richtung umfasst,

wobei das obere elastische Element (150) vier erste
bis vierte obere elastische Elemente (150-1 bis
150-4) enthalt, die voneinander getrennt sind, und
der erste Sensor mit den mehreren Tragelementen
(220) Uber die ersten bis vierten oberen elastischen
Elemente verbunden ist,

wobei das untere elastische Element (160) zwei ers-
te bis zweite untere elastische Elemente (160-1,
160-2) enthalt, die voneinander getrennt sind, und
die erste Spule (120) mit den mehreren Tragelemen-
ten (220) Uber das erste und das zweite untere elas-
tische Element (160-1, 160-2) verbunden ist.

Linsenbewegungsvorrichtung nach einem der An-
spriiche 1 bis 4, die ferner Folgendes umfasst:

einen ersten Sensor (170) zum Detektieren der
Verlagerung der Wicklung (110) in einer ersten
Richtung; und

einen zweiten Magneten, der so angeordnet ist,
dass er dem ersten Sensor (170) zugewandt ist,
wobei der erste und der zweite Magnet einteilig
ausgebildet oder voneinander getrennt sind.

Linsenbewegungsvorrichtung nach Anspruch 1, wo-
bei Formen und eine Anzahl der mehreren Tragele-
mente (220) Formen haben, die auf der Basis der
zweiten und der dritten Richtung symmetrisch sind.

Linsenbewegungsvorrichtung nach Anspruch 6, wo-
bei das untere elastische Element (160) wenigstens
vier erste bis vierte untere elastische Elemente ent-
halt, die voneinander getrennt sind, und der erste
Sensor (170) mitden mehreren Tragelementen tGiber
die ersten bis vierten unteren elastischen Elemente
verbunden ist.

Linsenbewegungsvorrichtung nach Anspruch 2, wo-
beidas obere elastische Element (150) erste bis vier-
te obere elastische Elemente (150-1 bis 150-4), die
voneinander getrennt sind und die mit der gedruck-
ten Leiterplatte (250) leitend verbunden sind, und
flinfte bis sechste obere elastische Elemente (150-5,
150-6), die voneinander getrennt sind und mit dem
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unteren elastischen Element (160) leitend verbun-
den sind, enthalt,

wobei die ersten bis sechsten oberen elastischen
Elemente (150-1 bis 150-6) voneinander getrennt
sind.

Linsenbewegungsvorrichtung nach Anspruch 9, wo-
bei das untere elastische Element (160) erste bis
zweite untere elastische Elemente (160-1, 160-2)
enthalt, die voneinander getrennt sind, und die meh-
reren Tragelemente ein erstes Tragelement (220-1),
in dem die beiden leitenden Drahte (221) mit den
ersten bis vierten elastischen Elementen (150-1 bis
150-4) verbunden sind, enthalten.

Linsenbewegungsvorrichtung nach Anspruch 10,
wobei das erste Tragelement (220-1) das elektrisch
isolierende Beschichtungselement (222) enthalt,
das die beiden leitenden Drahte (221) in der Weise
umhdillt, dass die beiden leitenden Drahte mittels des
Beschichtungselements elektrisch voneinander iso-
liert sind.

Linsenbewegungsvorrichtung nach Anspruch 10
oder 11, wobei die mehreren Tragelemente (220)
ein zweites Tragelement (220-2) enthalten, in dem
einer der beiden leitenden Drahte (221) mit einem
der ersten bis vierten oberen elastischen Elemente
(150-1 bis 150-4) verbunden ist und der andere der
beiden leitenden Drahte (221) mit einem der fiinften
bis sechsten oberen elastischen Elemente (150-5,
150-6) verbunden ist.

Linsenbewegungsvorrichtung nach einem der An-
spriiche 10 bis 12, wobei das leitende Element (154,
400) ein erstes leitendes Element (400-1) enthalt,
das eines der flinften bis sechsten oberen elasti-
schen Elemente (150-5, 150-6) und eines der ersten
bis zweiten elastischen Elemente verbindet, und ein
zweites leitendes Element enthalt, das ein verblei-
bendes der flinften bis sechsten oberen elastischen
Elemente und ein verbleibendes der ersten bis zwei-
ten unteren elastischen Elemente (160-1, 160-2)
verbindet.

Linsenbewegungsvorrichtung nach Anspruch 1, wo-
bei jedes der mehreren Tragelemente (220) einen
vorstehenden Isolator (222a) enthalt, der von einem
seiner Enden vorsteht, wobei der vorstehende Iso-
lator zwischen den beiden leitenden Drahten (221)
in der Weise positioniertist, dass benachbarte obere
elastische Elemente (150-5, 150-6) voneinander be-
abstandet sind und somit elektrisch voneinander iso-
liert sind.
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Revendications

1.

2.

3.

Appareil de déplacement de lentille comprenant :

une bobine (110) comportant un premier enrou-
lement (120) ;

un premier aimant (130) disposé de maniére a
se trouver en face du premier enroulement
(120) ;

un boitier (140) destiné a supporter le premier
aimant (130) ;

des éléments élastiques supérieur et inférieur
(150, 160), chacun étant couplé a la fois a la
bobine (110) et au boitier (140) ;

un socle disposé de maniére a étre espacé du
boitier (140) ;

un deuxiéme enroulement (230) disposé de ma-
niére a se trouver en face du premier aimant
(130) ;

une carte de circuit imprimé (250) sur laquelle
est monté le deuxiéeme enroulement (230) ; et
une pluralité d’éléments de support (220), qui
supportent le boitier (140) de telle maniéere que
le boitier (140) peut se déplacer dans une
deuxiéme et/ou une troisiéeme direction et qui
connectent électriquement au moins I'un des
éléments élastiques supérieur et inférieur (150,
160) avec la carte de circuit imprimé (250) ;
caractérisé en ce que chacun de la pluralité
d’éléments de support (220) comporte deux fils
conducteurs (221) intégrés, et dans lequel
chacun de la pluralité d’éléments de support
(220) comporte un élément de revétement iso-
lant électrique (222), qui gaine les deux fils con-
ducteurs (221).

Appareil de déplacement de lentille selon la reven-
dication 1, comprenant en outre un élément conduc-
teur (154, 400) permettant de connecter électrique-
ment les éléments élastiques supérieur et inférieur
(150, 160),

dans lequel I'élément élastique supérieur (150) com-
porte quatre premier a quatriéme éléments élasti-
ques supérieurs (150-1 a 150-4), qui sont séparés
'un de l'autre, et I'élément conducteur (154) com-
porte au moins deux éléments conducteurs (154),
qui sont connectés électriquement aux deux élé-
ments élastiques supérieurs séparés, respective-
ment.

Appareil de déplacement de lentille selon la reven-
dication 2, dans lequel chacun des premier a qua-
trieme éléments élastiques supérieurs (150-1 a
150-4) comprend :

une premiére armature intérieure (151) couplée
a la bobine (110) ;
une premiere armature extérieure (152a) cou-
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plée au boitier (140) et connectée a 'un des élé-
ments de support (150-1 a 150-4) ; et

un premier connecteur d’armature (153) qui
connecte la premiére armature intérieure (151)
et la premiére armature extérieure (152a).

Appareil de déplacement de lentille selon la reven-
dication 2, dans lequel une premiére longueur (L1),
c’est-a-dire une longueur de I'élément conducteur
(154), qui est une distance qui sépare une surface
inférieure de I'élément élastique supérieur (150) et
une surface supérieure de I'élément élastique infé-
rieur (160), est plus courte qu'une deuxiémee lon-
gueur (L2), c’est-a-dire une longueur des éléments
de support (220), qui est une distance séparant la
surface inférieure de I'élément élastique supérieur
(150) et une surface supérieure de la carte de circuit
imprimé (250).

Appareil de déplacement de lentille selon la reven-
dication 1 ou4, comprenant en outre un premier cap-
teur (170) permettant de détecter le déplacement de
la bobine (110) dans une premiére direction,

dans lequel I'élément élastique supérieur (150) com-
porte quatre premier a quatriéme éléments élasti-
ques supérieurs (150-1 a 150-4), qui sont séparés
I'un de l'autre, et le premier capteur est connecté a
la pluralité d’éléments de support (220) par l'inter-
médiaire des premier a quatrieme éléments élasti-
ques supérieurs,

dans lequel I'élément élastique inférieur (160) com-
porte deux premier et deuxiéme éléments élastiques
inférieurs (160-1, 160-2), qui sont séparés I'un de
l'autre, et le premier enroulement (120) est connecté
a la pluralité d’éléments de support (220) par l'inter-
médiaire des premier et deuxiéme éléments élasti-
ques inférieurs (160-1, 160-2).

Appareil de déplacement de lentille selon 'une quel-
conque des revendications 1 a 4, qui comprend en
outre :

un premier capteur (170) permettantde détecter
le déplacement de la bobine (110) dans une pre-
miére direction ; et

un deuxieme aimant disposé de maniére a se
trouver en face du premier capteur (170),

dans lequel les premier et deuxiéme aimants
sont intégrés I'un dans I'autre ou sont séparés
'un de l'autre.

Appareil de déplacement de lentille selon la reven-
dication 1, dans lequel des formes et un certain nom-
bre de la pluralité d’éléments de support (220) ont
des formes qui sont symétriques par rapport a la
deuxiéme et a la troisieme directions.

Appareil de déplacement de lentille selon la reven-
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dication 6, dans lequel I'élément élastique inférieur
(160) comporte au moins quatre premier a quatrieme
éléments élastiques inférieurs, qui sont séparés 'un
de l'autre, et le premier capteur (170) est connecté
ala pluralité d’éléments de support par I'intermédiai-
re des premier a quatrieme éléments élastiques in-
férieurs.

Appareil de déplacement de lentille selon la reven-
dication 2, dans lequel I'élément élastique supérieur
(150) comporte des premier a quatrieme éléments
élastiques supérieurs (150-1 a 150-4), qui sont sé-
parés I'un de l'autre et qui sont connectés électri-
quement a la carte de circuit imprimé (250), et des
cinquieme et sixieme éléments élastiques supé-
rieurs (150-5, 150-6) qui sont séparés I'un de I'autre
et qui sont connectés électriquement a I'élément
élastique inférieur (160), dans lequel les premier a
sixieme éléments élastiques supérieurs (150-1 a
150-6) sont séparés les uns des autres.

Appareil de déplacement de lentille selon la reven-
dication 9, dans lequel I'élément élastique inférieur
(160) comporte des premier et deuxieme éléments
élastiques inférieurs (160-1, 160-2), qui sont sépa-
rés 'un de l'autre, et la pluralité d’éléments de sup-
port comporte un premier élément de support
(220-1) dans lequel les deux fils conducteurs (221)
sont connectés a I'un des premier a quatrieme élé-
ments élastiques supérieurs (150-1 a 150-4).

Appareil de déplacement de lentille selon la reven-
dication 10, dans lequel le premier élément de sup-
port (220-1) comporte I'élément de revétement iso-
lant électrique (222) qui gaine les deux fils conduc-
teurs (221) de telle maniere que les deux fils con-
ducteurs sont isolés électriquement I'un de l'autre
grace a I'élément de revétement.

Appareil de déplacement de lentille selon la reven-
dication 10 ou 11, dans lequel la pluralité d’éléments
de support (220) comporte un deuxiéme élément de
support (220-2) dans lequel I'un des deux fils con-
ducteurs (221) est connecté a I'un des premier a
quatrieme éléments élastiques supérieurs (150-1 a
150-4), et 'autre des deux fils conducteurs (221) est
connecté a I'un des cinquiéme et sixieme éléments
élastiques supérieurs (150-5, 150-6).

Appareil de déplacement de lentille selon 'une quel-
conque desrevendications 10a 12, danslequel I'élé-
ment conducteur (154, 400) comporte un premier
élément conducteur (400-1) qui connecte I'un des
cinquiéme et sixieme éléments élastiques supé-
rieurs (150-5, 150-6) et 'un des premier et deuxieéme
éléments élastiques et un deuxiéme élément con-
ducteur qui connecte I'un, restant, des cinquiéme et
sixieme éléments élastiques supérieurs et I'un, res-
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tant, des premier et deuxiéme éléments élastiques
inférieurs (160-1, 160-2).

Appareil de déplacement de lentille selon la reven-
dication 1, dans lequel chacun de la pluralité d’élé-
ments de support (220) comporte un isolateur en
saillie (222a) qui dépasse d’une extrémité de celui-
ci, l'isolateur en salillie étant placé entre les deux fils
conducteurs (221) de telle maniére que les éléments
élastiques supérieurs adjacents (150-5, 150-6) sont
espacés 'unde l'autre et sont ainsiisolés électrique-
ment I'un de l'autre.
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[FIG. 10]

37



EP 3 021 158 B1

[FIG. 11]

144

38



EP 3 021 158 B1

[FIG. 12]
Z
X y
220-1
ol 200 150a
220-1a 220-1 e
150b 150-1 1522 153 151
s -
150 153 151 e »
155 180 S iy b 0y 1906
150-5 T sea e 1613 o
1 , ST / 84-2 e \\\\ & 155
504 s 2 <
154 = sy VS 15
221062 SUTE <617 1843 1633 ™ 7 2 02
s b A (MO T =2 < e
\\ \\ AN - > 163-1/// f // ///
N i\\\\ Q & & /// g’ /////// 1
! TN < N 165
N ="
1602 Sl Jef N ST el 1022
170 g A 1612
1503 160-1 161
1642 29035 2203 16322
%/—J
2203

39



EP 3 021 158 B1

[FIG. 13]
110 120 150 154
zﬁﬁ\%’\//r T /) /f:r/i <7 Tﬂﬁ: ““““
i y 7/ I
201 ( L1
\
[ HL_Il [ = ( = I \\l_IHH /__ _____ _
)

U 160 250 220 U

40

L2



EP 3 021 158 B1

[FIG. 14]

230a X

255
212

41



EP 3 021 158 B1

[FIG. 15]

210

251

42



EP 3 021 158 B1

[FIG. 16]

250

210

43



EP 3 021 158 B1

[FIG. 17]

150 : 150-1, 150-2, 150-3, 150-4, 150-5, 150-6,
160 : 160-1, 160-2
220:220-1,220-2
400 : 400-1, 400-2

44



EP 3 021 158 B1
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